12 United States Patent
Tada

US007575378B2

US 7,575,378 B2
Aug. 18, 2009

(10) Patent No.:
45) Date of Patent:

(54) OFFSET THRUST BEARING

(75) Inventor: Seiji Tada, Kashiwara (JP)

(73) Assignee: JTEKT Corporation, Osaka (JP)

(*) Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 1534(b) by 769 days.

(21) Appl. No.: 10/551,700

(22) PCT Filed: Apr. 5, 2004

(86) PCT No.: PCT/JP2004/004898
§ 371 (c)(1),
(2), (4) Date:  Now. 3, 2005

(87) PCT Pub. No.: WQ0O2004/090358

PCT Pub. Date: Oct. 21,2004

(65) Prior Publication Data
US 2006/0182380 Al Aug. 17, 2006
(30) Foreign Application Priority Data
Apr. 3, 2003 (JP) e 2003-100524
Apr. 3, 2003 (JP) e 2003-100531
Apr. 3, 2003 (JP) e 2003-100580
Apr. 3, 2003 (JP) e 2003-100760
(51) Int.CL
F16C 19/10 (2006.01)
(52) US.Cl . 384/609
(58) Field of Classification Search ................. 384/590,

384/604, 613, 614, 615, 618, 619, 621, 622,
384/623; 74/86, 87

See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

2,923,582 A * 2/1960 Dunn ..........ccceeenenenen. 384/623

4,156,585 A *  5/1979 ROSS civiviviiniiniinnnnnn, 418/61.3
4,181,479 A * 1/1980 ROSS cevivrirriiniininnnnnnn, 418/61.3
4,259,043 A * 3/1981 Hiddenetal. .............. 418/55.3
4,474,543 A * 10/1984 Hiragaetal. .............. 418/55.3
4,645,435 A 2/1987 Sugimoto

4,940,342 A * 7/1990 Miyazawaetal. .......... 384/510
5,102,315 A * 4/1992 Terauchietal. ............ 418/55.3
5,167,494 A * 12/1992 Inagaki etal. ............... 417/440
5,423,663 A * 6/1995 Fukui .....coovvvviiiinnnnnnn, 418/55.3
5,435,706 A * 7/1995 Matsumoto etal. ........ 418/55.3

(Continued)

FOREIGN PATENT DOCUMENTS

FR 1.339.266 10/1963

(Continued)

Primary Examiner—Richard WL Radley

Assistant Examiner—Phillip Johnson

(74) Attorney, Agent, or Firm—Birch, Stewart, Kolasch &
Birch, LLP

(57) ABSTRACT

The 1nvention provides an eccentric thrust bearing assembly
capable of bearing axial loads in opposite directions.

A first aspect of the mmvention relates to a thrust bearing
assembly al wherein a first radially outside member and a
second radially inside member oppose each other at first
positions a2l separately located and clamp therebetween a
rolling element a8 disposed at each of the first positions a2,
whereas a second radially outside member and a first radially
inside member oppose each other at second positions a22 of
a different phase from that of the first positions a21 and clamp
therebetween a rolling element a8 disposed at each of the
second positions a22. In this bearing assembly al, respective
certain portions of the rolling elements are present on the
same plane.

7 Claims, 15 Drawing Sheets
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1
OFFSET THRUST BEARING

TECHNICAL FIELD

The present invention relates to an eccentric thrust bearing
assembly.

BACKGROUND ART

A public-use single-row eccentric thrust bearing assembly
heretofore known 1n the art includes a pair of races, and
rolling elements interposed between these races. This bearing,
assembly has a structure wherein a plurality of rolling ele-
ments such as balls are interposed between the two plate-like
races 1n opposing relation. Thus, the two races are allowed to
move 1n a manner to decenter as radially shifted from each
other and are also allowed to pivotally move relative to each
other.

A public-use double-row eccentric thrust bearing assembly
heretofore known 1n the art includes: a single inner race; two
outer races opposing either side of the inner race; and two
rows of rolling elements interposed between these races. This
double-row eccentric thrust bearing assembly includes the
two outer races, whereas the two rows of rolling elements
bear axial loads 1n mutually opposite directions, respectively,
whereby the bearing assembly 1s able to bear the axial loads in
the opposite directions.

Some of the public-use eccentric thrust bearing assemblies
permit the mner race and the outer races to be freely rotate
relative to each other.

In such single-row and double-row eccentric thrust bearing,
assemblies 1n public use, the balls as the rolling elements are
randomly disposed 1n space between the races, or arranged 1n
a full-type ball bearing fashion.

The conventional eccentric thrust bearing assemblies have
some problems.

A first problem pertains to the conventional single-row
eccentric thrust bearing assembly. The conventional single-
row eccentric thrust bearing assembly 1s able to bear the axial
load 1n one direction, or the load acting in the direction to
compress the rolling elements, but 1s unable to bear the axial
loads 1n the opposite directions. That 1s, the bearing assembly
1s unable to bear the axial load acting 1n a direction to draw the
two opposite races apart from each other. In order to bear the
axial loads 1n the opposite directions, the bearing assembly
must be constructed as the double-row thrust bearing wherein
the rolling elements are arranged 1n two rows (double-row
type). In the case of the double-row bearing assembly, how-
ever, the problem (first problem) arises that a bearing width
(ax1al width of the bearing assembly) 1s increased.

A second problem pertains to the conventional double-row
thrust bearing assembly which includes a large race portion.
In cases, therelore, 1t 1s extremely difficult to machine therace
portion. For instance, it 1s extremely difficult to ensure the
flatness of araceway surface. Hence, 1t 1s not easy to fabricate
a larger bearing assembly. Furthermore, since the race portion
formed from an 1iron-base metal such as a bearing steel 1s large
in size, the bearing assembly 1s increased 1n weight. This also
leads to difficulty in reducing the weight of the bearing
assembly.

A third problem 1s an excessive energy loss because the
conventional double-row eccentric thrust bearing assembly
sulfers great resistance during operation. In a case where the
rolling elements are randomly disposed or arranged 1n a full-
type ball bearing fashion, as described above, the rolling
clements contact each other and rub against each other to
produce iriction therebetween. As a countermeasure against
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this problem, 1t may be contemplated to employ a cage for
maintaining a relative positional relation among the rolling
elements. In this case, however, the {riction results from slid-
ing contact between the cage and the race.

A fourth problem pertains to a fact that no mvestigation has
ever been made to define a proper gap between inside and
outside members with respect to a decenterable range of the
bearing assembly, the inside and outside members provided
for decentering movement. Hence, the gap between the inside
and outside members and the size of the race or the like are
greater than necessary, so that the bearing assembly has an
unduly great size. This results 1n the increased weight and cost
of the bearing assembly.

In view of the foregoing problems, the invention has been
accomplished, providing an eccentric thrust bearing assem-
bly capable of bearing the axial loads in the opposite direc-
tions.

A first object of the invention 1s to solve the first problem
and to provide an eccentric thrust bearing assembly which
features a smaller bearing width than that of the double-row
structure, and which 1s capable of bearing the axial loads 1n
the opposite directions.

A second object of the mvention 1s to solve the second
problem and to provide a double-row eccentric thrust bearing
assembly which facilitates the upsizing and weight reduction
of the bearing assembly by reducing the size of the race
portion.

A third object of the invention 1s to solve the third problem
and to provide a double-row eccentric thrust bearing assem-
bly which permits relative movement of a constant distance
and suflers an extremely low energy loss associated with the
relative movement.

A fourth object of the mmvention 1s to solve the fourth
problem and to provide a double-row eccentric thrust bearing
assembly permitting free relative rotation, which defines a
more optimum gap between the individual members with
respect to the decenterable range of the bearing assembly
thereby achieving the downsizing and weight reduction of the
bearing assembly.

DISCLOSURE OF THE INVENTION

An eccentric thrust bearing assembly according to a first
aspect of the invention for achieving the first object com-
prises: a first radially outside member and a first radially
inside member positioned on a radially inner side of the first
radially outside member; and a second radially outside mem-
ber and a second radially inside member positioned on a
radially inner side of the second radially outside member, the
second radially outside and inside members disposed 1n
opposing relation with the first radially outside and 1nside
members, wherein the first radially outside member opposes
the second radially mmside member at three or more first posi-
tions separately located along a circumierential direction
thereby clamping rolling elements therebetween, the rolling
clements disposed at the first positions, whereas the second
radially outside member opposes the first radially nside
member at three or more second positions separately located
along the circumierential direction and having a different
phase from that of the first positions, thereby clamping rolling
clements therebetween, the rolling elements disposed at the
second positions, wherein the first radially outside member
and the first radially inside member define a gap therebetween
so as to be allowed to move relative to each other 1n the radial
direction and the circumierential direction, whereas the sec-
ond radially outside member and the second radially nside
member define a gap therebetween so as to be allowed to
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move relative to each other 1n the radial direction and the
circumierential direction, wherein the first radially outside
member and the second radially outside member are inte-
grally interconnected, whereas the first radially inside mem-
ber and the second radially inside member are integrally
interconnected, and wherein respective certain portions of the
rolling elements are present on the same plane. In such a
constitution, the members corresponding to the individual
members conventionally arranged in the double rows 1n the
eccentric thrust bearing assembly are alternately disposed 1n
a row, whereby an axial distance between the members con-
ventionally constituting the respective rows may be
decreased so that the bearing width may be decreased as
compared with that of the double-row bearing assembly. Spe-
cifically, the first radially outside member, the second radially
inside member and the rolling elements clamped between
these members as separately located at three or more places
along the circumierential direction may function as a {first-
row eccentric thrust bearing portion (1) of the conventional
double-row bearing assembly. On the other hand, the second
radially outside member, the first radially inside member and
the rolling elements clamped between these members as
separately located at three or more places along the circum-
ferential direction may function as a second-row eccentric
thrust bearing portion (2). According to the first aspect of the
invention, the radially outside members are integrally inter-
connected, whereas the radially inside members are integrally
interconnected. Hence, the portion equivalent to the portion
(1) of the conventional double-row eccentric thrust bearing
assembly 1s adapted to bear the axial load 1n one direction,
whereas the portion equivalent to the portion (2) of the con-
ventional eccentric thrust bearing assembly 1s adapted to bear
the axial load in the other direction. The first position and the
second position have different phases, while the radially out-
side member and the radially inside member define a gap
therebetween with respect to a movable plane. Hence, the
bearing assembly of this aspect may have a structure wherein
the respective rows of rolling elements are positioned closer
to each other with respect to the axial direction, while the
respective certain portions of the rolling elements are present
on the same plane. Furthermore, the radially outside member
and the radially inside member are allowed to move relative to
cach other. What 1s more, the above constitution permits the
bearing assembly to be supplied as an assembled bearing unit
from which none of the members thereof 1s separated. It 1s
more preferred that all the rolling elements have their centers
positioned on the same plane. Such a constitution permits the
bearing assembly to have a single-row structure, thus achiev-
ing the minimum axial width of the bearing assembly.
According to the first aspect of the invention, 1t 1s preferred
that the first radially outside member 1ncludes: outer races
separately provided at the respective first positions separately
located; and a first radially outside case to which all these
outer races are mounted, that the second radially outside
member 1ncludes: outer races separately provided at the
respective second positions separately located; and a second
radially outside case to which all these outer races are
mounted, that the first radially inside member includes: inner
races separately provided at the respective first positions
separately located; and a first radially 1nside case to which all
these inner races are mounted, that the second radially inside
member includes: inner races separately provided at the
respective second positions separately located; and a second
radially inside case to which all these inner races are
mounted, and that the rolling element 1s clamped between the
outer race and the mnner race. In this case, the separate races
are disposed at the respective positions of the rolling elements
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separately located and hence, each of the races may be down-
sized. In a case where the race 1s increased 1n size, 1t 1s difficult
to ensure the precise flatness of the raceway surface. How-
ever, the downsized race makes 1t easy to fabricate a larger
bearing assembly. Furthermore, the weight of the whole body
of the bearing assembly may be reduced because the race
portion formed from a bearing steel or the like 1s decreased
while the case portion 1s formed from a metal of low specific
gravity such as an aluminum alloy or from a resin.

According to the first aspect of the invention, a constitution
may also be made wherein a relatively movable range
between the radially outside member and the radially inside
member, which 1s provided by the gap, substantially corre-
sponds to a movable range of the rolling element. In such a
constitution, an excessive space may be excluded from both
of the gap between the radially outside member and the radi-
ally imnside member, and the gap defined on the race for pro-
viding a movable space of the rolling element, or the exces-
stve space may be minimized. Therefore, the bearing
assembly may be downsized and may also attain an even
greater decenterable range.

Further according to the first aspect of the invention, the
eccentric thrust bearing assembly may also have the follow-
ing constitution. That 1s, the constitution 1s made such that the
respective groups of the first positions and the second posi-
tions are disposed at N places (N indicating an integer of 3 or
more) with equal spacing, that the first and second radially
outside cases have the same configuration, which includes: an
outside ring portion defining an outer periphery of the bearing
assembly; and N inward tongues projected radially inwardly
from the outside ring portion as positioned at regular circum-
ferential space intervals, that the first and second radially
inside cases have the same configuration, which includes: an
inside ring portion defining an inner periphery of the bearing
assembly; and N outward tongues projected radially out-
wardly from the inside ring portion as positioned at regular
circumierential space intervals, that all the outward tongues
have the mnner races mounted thereto and aligned on the same
circle, whereas all the imnward tongues have the outer races
mounted thereto and aligned on the same circle, all the inner
and outer races comprising disk-like members of the same
configuration, and that the first positions and the second posi-
tions are alternately located on the same circle at 360/(2N)°
circumierential phase shift relative to one another. In such a
constitution, the first positions and the second positions of the
rolling elements may be uniformly distributed with respect to
the circumferential direction and the radial direction. Hence,
the bearing assembly 1s adapted to bear the axial loads 1n the
opposite directions 1n a more stable manner and also to bear
the moment load in a more stable manner, the moment load
caused by an axial load applied along a decentered axis. In
addition, since the individual races have the same configura-
tion, the mdividual race members may be standardized.

According to the first aspect of the invention, the bearing
assembly may further comprise first cage guides surrounding
the respective races. Such a constitution facilitates the posi-
tional adjustment of the rolling elements. It 1s not easy to
adjust the rolling element to an optimum position on the race.
However, the bearing assembly under a small pre-load may be
subjected to the maximum relative movement with respect to
every radial and circumierential direction, whereby any dis-
placed rolling element may be locked by the first cage guide
and adjusted 1nto position as properly slid on the race. Thus,
the rolling element may be easily placed at the optimum
position on the race. This first cage guide also serves to
prevent the invasion of foreign substances 1nto space between
the opposite races and the leakage of a lubricant.
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According to the first aspect of the imnvention, the bearing
assembly may further comprise a single second cage guide
for maintaining a relative positional relation among the all of
the rolling elements. Such a constitution prevents the rolling
clements from being displaced even when the rolling ele-
ments are subjected to an unbalanced load.

A double-row eccentric thrust bearing assembly according
to a second aspect of the mvention for achieving the second
object comprises: two axially outside cases axially opposing
cach other and integrally interconnected; and an axially
inside case 1terposed between these axially outside cases,
wherein three or more inner races are provided on the axially
inside case on each of its opposing sides to each of the two
outside cases (the axially outside cases) as separately located
along a circumierential direction, whereas three or more outer
races are provided on each of the two axially outside cases as
separately located at positions opposite the respective inner
races, each of the iner races and the outer races 1n opposing,
relation clamping a rolling element therebetween, and
wherein movable ranges of the individual rolling elements
between the respective pairs of races separately disposed are
all substantially equal to one another. In such a constitution,
the races are separately located so that the individual races
may be downsized. This facilitates the machining of the indi-
vidual races so that it becomes easy to fabricate a larger
bearing assembly. Three or more races are provided along the
circumierential direction, while each of the rolling elements
1s clamped between a respective pair of races. Hence, the
axially inside case and the axially outside cases are each
supported on three or more points circumierentially arranged
and thence, are able to bear the axial loads and the moment
load. The axially mside case and the axially outside cases,
defining portions other than the races 1in contact with the
rolling elements, are independent from the races. Therelore,
the axially inside and outside cases may be formed from the
metal of low specific gravity, such as an aluminum alloy,
instead of the 1ron-base metal such as a bearing steel, thus
contributing to the weight reduction of the bearing assembly.
In addition, all the movable ranges of the rolling elements on
the races separately located are substantially equal to one
another. Therefore, when any one of the rolling elements 1s
moved across the whole movable range thereof, all the other
rolling elements are also moved substantially across the
whole movable ranges thereof. The race size 1s a determinant
factor of the movable range of the rolling element. All the
movable ranges of the rolling elements are defined to be
substantially equal to one another whereby all the races may
have the smallest or the smallest possible size and some of the
plural races need not be unduly increased 1n size. The above
constitution permits the bearing assembly to be supplied as an
assembled bearing unit from which none of the members
thereot 1s separated.

According to the second aspect of the mvention, it 1s pre-
terred that a relatively movable range provided by a gap
between the axially inside case and the axially outside case
substantially corresponds to the movable range of the rolling
clement. In such a constitution, when the axially inside case
and the axially outside cases are relatively moved so far as to
climinate the gap therebetween, the rolling elements are also
moved so far as to eliminate the respective gaps defined on the
races. Accordingly, an excessive space may be eliminated or
mimmized, so that the bearing assembly may be downsized
and may also attain an increased decenterable range.

According to the second aspect of the mvention, all the
inner and outer races provided on each of the surfaces of the
axially mside case and on the respective surface of the axially
outside cases may be arranged with the same PCD (on the
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same circle) on the surface in question and uniformly distrib-
uted along the circumierential direction. In such a constitu-
tion, the rolling elements serving as the support points of the
bearing assembly are uniformly distributed along the circum-
terential and radial directions, so that the bearing assembly 1s
able to bear the axial loads 1n the opposite directions and the
moment load 1n a more stable manner, the moment load
resulting from radially varied points of application of the
axial load. In addition, the bearing assembly as a whole may
be increased 1n load capacity because the loads on the indi-
vidual rolling elements are equalized. If, in this case, the
bearing assembly 1s constituted such that all the mnner and
outer races have a circular shape of the same radius, whereas
the axially outside cases and the axially inside case have
annular shapes, the bearing assembly may have a circumfier-
entially uniform structure so as to allow for relative move-
ment of a constant width with respect to every direction of a
movable plane. In addition, since all the inner and outer races
have the circular shape of the same radius, the individual race
members may be standardized.

According to the second aspect of the invention, the bear-
ing assembly may further comprise a cage guide disposed
around each of the inner and outer races. Such a constitution
tacilitates the positional adjustment of the rolling elements. It
1s not easy to adjust the rolling element to the optimum
position on the race. However, the bearing assembly under a
small pre-load may be subjected to the maximum relative
movement with respect to every radial direction (the overall
circumierence), whereby any displaced rolling element may
be locked by the cage guide and adjusted into position as
properly slid on the race. Thus, the rolling element may be
casily placed at the optimum position on the race. The cage
guide also has a sealing function for the whole bearing assem-
bly because the cage guide prevents the invasion of foreign
substances 1nto space between the opposing races and the
leakage of the lubricant, such as a lubricating o1l or grease.

A double-row eccentric thrust bearing assembly according
to a third aspect of the invention for achieving the third object
comprises: two annular axially outside members coaxially
opposing each other and integrally interconnected; and an
annular axially inside member coaxially interposed between
these two axially outside members, each of the two axially
outside members including: an annular axially outside case;
and an outer race formed of an annular plate mounted to an
inner side of the axially outside case, the axially inside mem-
ber including: an annular axially inside case; and an 1inner race
formed of an annular plate radially projecting from the axially
inside case, a plurality of rolling elements clamped between
either side of the inner race and a respective opposing side of
the two outer races to the inner race, the bearing assembly
turther comprising a rolling-element guide fixed to the axially
inside member or the axially outside member and serving to
limit a movable range of each of the rolling elements to a
predetermined range. In such a constitution, the rolling ele-
ments discretely separated by the rolling-element guide are
prevented from contacting with one another. The rolling-
clement guide 1s fixed to the axially mside member or the
axially outside member so as to be prevented from sliding on
these members. Thus, the rolling elements are allowed to
move with less resistance within the respective movable
ranges limited by the rolling-element guide. Since the axially
outside members and the axially inside member have annular
shapes and are coaxially arranged, an annular gap of a given
width 1s defined between these members. Furthermore, the
movable range of each rolling element limited by the rolling-
clement guide 1s also fixed and hence, the bearing assembly 1s
adapted for the relative movement of a constant distance. It 1s
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preferred that the predetermined range limited by the rolling-
clement guide 1s a circular range of a predetermined radius,
because the bearing assembly 1s adapted for the relative
movement of a constant distance. The rolling-element guide
limits the movable range of each rolling element. At the same
time, the rolling-element guide also facilitates the adjustable
positioning of the individual rolling elements at the optimum
positions on the respective races. That 1s, the bearing assem-
bly under a small pre-load may be subjected to the maximum
relative movement along the overall circumiference, whereby
any displaced rolling element may be adjusted to the optimum
position as slid on the race.

Furthermore, the bearing assembly of the third aspect of
the invention may be supplied as an assembled bearing unit
from which none of the members thereof 1s separated. In this
bearing assembly, each of the rolling elements 1s allowed to
move only in the range limited by the rolling-element guide
fixed to the axially inside member, so that each rolling ele-
ment 1s not allowed to move beyond this range. Therefore, the
axially mside member and the axially outside member, for
example, are not allowed to rotate relative to each other
beyond a predetermined angular range.

According to the third aspect of the mvention, it 1s pre-
terred that a relatively movable range provided by aradial gap
between the axially outside member and the axially inside
member substantially corresponds to the movable range of
the rolling element. In such a constitution, when the axially
inside member and the axially outside member are relatively
moved so far as to eliminate the radial gap therebetween, the
rolling element 1s also moved so far as to eliminate the gap
defined between 1tself and the rolling-element guide. That 1s,
when the axially inside member and the axially outside mem-
ber are relatively moved across the whole relatively movable
range, the individual rolling elements are also moved substan-
tially across the movable ranges thereof. Accordingly, an
excessive space between the axially mmside member and the
axially outside member may be eliminated or minimized.
Thus, the bearing assembly may be downsized and may also
attain an 1ncreased decenterable range.

According to the third aspect of the imnvention, 1t 1s pre-
terred that the rolling-element guide has an annular shape and
1s formed with three or more movable-range delimiting holes
arranged on the same circle with equal circumierential spac-
ing, whereas one rolling element 1s disposed in each of the
movable-range delimiting holes. In such a constitution, the
rolling elements disposed in the respective movable-range
delimiting holes are uniformly distributed 1n the circumier-
ential and radial directions, so that the bearing assembly 1s
adapted to bear the axial loads and the moment load in a more
stable manner. Since only one rolling element 1s disposed 1n
cach movable-range delimiting hole, the rolling elements are
prevented from contacting each other to cause friction.

According to the third aspect of the invention, it 15 pre-
terred that a radially movable distance of the rolling element
limited by the rolling-element guide substantially corre-
sponds to a radial width of the inner race or the outer race.
Such a constitution may minimize the radial width of the
inner race or the outer race. This leads to the reduction of the
weight and cost of the bearing assembly.

A double-row eccentric thrust bearing assembly according
to a fourth aspect of the invention for achueving the fourth
object comprises: two annular axially outside members
coaxially opposing each other and integrally interconnected;
and an annular axially mside member coaxially interposed
between these two axially outside members, each of the two
axially outside members including: an annular axially outside
case; and an outer race formed of an annular plate mounted to
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the axially outside case, the axially inside member including;
an annular axially inside case; and an inner race formed of an
annular plate radially projecting from the axially 1nside case,
a plurality of rolling elements clamped between either side of
the inner race and a respective opposing side of the two outer
races to the inner race, wherein a relatively movable range
provided by a radial gap between the axially outside member
and the axially inside member substantially corresponds to a
radially movable distance of the rolling element. This bearing,
assembly permits free relative rotation between the axially

inside member and the axially outside member because the
inner race and the two outer races 1n opposing relation all have
the circumierentially continuous annular shape. Further-
more, all the cases and the races of the axially inside member
and the axially outside members have the annular shapes and
are coaxially arranged, so that a radial gap between the axially
outside member and the axially inside member may have a
constant space distance with respect to the overall circumfier-
ence. Accordingly, the bearing assembly 1s adapted to be
decentered by a constant distance with respect to every radial
direction.

Further according to the fourth aspect of the invention, the
relatively movable range provided by the radial gap between
the axially outside member and the axially mside member
substantially corresponds to the radially movable distance of
the rolling element. Therefore, when the bearing assembly 1s
decentered so far as to substantially eliminate the radial gap
between the axially outside member and the axially inside
member, the rolling elements are also moved 1n the decen-
tered direction so far as to eliminate the respective radial gaps
defined on the race. Thus, an excessive space may be elimi-
nated or minimized. As a result, the bearing assembly may be
downsized and may also attain an increased decenterable
range.

According to the fourth aspect of the mnvention, 1t 15 pre-
terred that the plural rolling elements are circumierentially
arranged with equal spacing and provided with an annular
cage forrollably retaining the rolling elements as maintaining
the relative positional relation thereot, and that the radially
movable distance of the rolling elements 1s provided by a
radial gap between the cage and the axially inside member
and between the cage and the axially outside member. The
bearing assembly of such a constitution 1s adapted to bear the
axial loads and the moment load 1n a more stable manner
because the rolling elements serving as the support points of
the bearing assembly are substantially uniformly distributed
along the circumierential direction while the cage maintains
the relative positional relation among the rolling elements. In
addition, the loads on the individual rolling elements may be
equalized, so that the bearing assembly as a whole 1is
increased in load capacity. Furthermore, the rolling elements
are allowed to move radially because of the radial gaps
between the cage and the axially inside member and between
the cage and the axially outside member. What 1s more, the
cage facilitates the positioning of each rolling element at the
optimum position on the race. It 1s not easy to adjust the
rolling element to the optimum position on the race. However,
the bearing assembly under a small pre-load may be subjected
to the maximum radial decentering with respect to the overall
circumierence, whereby the positional adjustment may be
accomplished easily. In a case where the rolling elements are
displaced, the cage abuts against the axially outside member
or the axially iside member, so as to be slid on the race
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together with the rolling elements, whereby the rolling ele-
ment and the cage accommodating these rolling elements are
adjusted 1nto position.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an exploded perspective view showing an
arrangement ol an eccentric thrust bearing assembly accord-
ing to one embodiment of a first aspect of the mnvention;

FIG. 2 1s an axial cross sectional view of the eccentric
thrust bearing assembly according to the one embodiment of
the first aspect of the invention;

FI1G. 3 1s a front view showing an interior of a principal part
of the bearing assembly in section on the line A-A 1n FIG. 2,
the principal part excluding a second cage guide;

FIG. 4 1s a sectional view of the eccentric thrust bearing
assembly according to the one embodiment of the first aspect
of the invention, taken on the line B-B 1s FIG. 3;

FIG. 5 1s a (partly cut-away) perspective view showing a
bearing assembly according to an embodiment of a second
aspect of the mvention;

FIG. 6 1s a sectional view of the bearing assembly accord-
ing to the embodiment of the second aspect of the invention;

FIG. 7 1s a front view showing a principal part of the
bearing assembly according to the embodiment of the second
aspect of the invention as viewed along the arrows from the
section on the line A-A 1n FIG. 6;

FIG. 8 1s an exploded perspective view showing an eccen-
tric thrust bearing assembly according to a first embodiment
of a third aspect of the invention;

FIG. 9 1s a sectional view showing the eccentric thrust
bearing assembly according to the first embodiment of the
third aspect of the invention;

FIG. 10 1s a sectional view showing a bearing assembly
according to a second embodiment of the third aspect of the
invention;

FIG. 11 i1s a sectional view showing a bearing assembly
according to a third embodiment of the third aspect of the
invention;

FI1G. 12 1s an exploded perspective view showing an eccen-
tric thrust bearing assembly according to a first embodiment
of a fourth aspect of the invention;

FIG. 13 1s a sectional view showing the eccentric thrust
bearing assembly according to the first embodiment of the
fourth aspect of the invention

FIG. 14 1s a sectional view showing an eccentric thrust
bearing assembly according to a second embodiment of the
fourth aspect of the invention; and

FIG. 15 15 a sectional view showing an eccentric thrust
bearing assembly according to a third embodiment of the
fourth aspect of the invention.

BEST MODES FOR CARRYING OUT THE
INVENTION

The embodiments of the invention will herembelow be
described with reference to the accompanying drawings.

FIG. 1 1s an exploded perspective view showing an
arrangement of an eccentric thrust bearing assembly al
according to one embodiment of a first aspect of the mven-
tion. FIG. 2 1s an axial cross sectional view of the bearing
assembly al on the line passing through the center of a ball a8
(a half section from the center to an outer periphery). A
circumierential position of the section of FIG. 2 1s defined to
be a central position of a inward tongue a2b of a first radially
outside case a2. FIG. 2 shows a state where the ball a8 1s not
moved 1n any direction (hereinafter, also referred to as “stan-
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dard state”). As shown 1n FIG. 1, a radially outside member
constituting the outer periphery and such of the bearing
assembly al includes: a first radially outside member; and a
second radially outside member. The first radially outside
member 1ncludes: the first radially outside case 2; and disk-
like outer races a6 mounted thereto. The second radially
outside member includes: a second radially outside case a3;
and the disk-like outer races a6 mounted thereto. The first
radially outside case a2 includes: an outside ring portion a2a
constituting the outer periphery of the bearing assembly al;
and four inward tongues a2b projected radially inwardly from
the outside ring portion a2a and disposed at 90° intervals
circumierentially of the ring portion. The second radially
outside case a3 has the same configuration as the first radially
outside case a2, including a similar outside ring portion a3a;
and four similar inward tongues a3b. The firstradially outside
case a2 and the second radially outside case a3 oppose each
other with their phases circumierentially shifted 45° relative
to each other. Therefore, the respective inward tongues a2b
and a3b of these outside cases do not oppose each other and
are alternately disposed at 45° intervals circumierentially of
the cases.

A radially inside member constituting an inner periphery
and the like of the bearing assembly al includes: a first radi-
ally inside member and a second radially inside member. The
first radially inside member includes: a first radially inside
case ad; and disk-like inner races a7 mounted thereto. The
second radially inside member 1ncludes: a second radially
inside case aS; and the disk-like inner races a7 mounted
thereto. The first radially inside case a4 1s disposed radially
inwardly of the first radially outside case a2, constituting the
inner periphery and the like of the bearing assembly al. The
first radially inside case includes: an 1nside ring portion ada
constituting the inner periphery of the bearing assembly al;
and four outward tongues adb projected radially outwardly
from the 1nside ring portion ada and disposed at 90° intervals
circumierentially of the ring portion. The second radially
inside case a5 1s disposed radially imnwardly of the second
radially outside case a3. The second racially mside case has
the same configuration as the first radially inside case a4,
including a similar 1nside ring portion aSa; and four similar
inward tongues adh. The first radially inside case a4 and the
second radially 1nside case a5 oppose each other with their
phases circumierentially shifted 45° relative to each other.
Theretore, the respective tongues adb and adb of these nside
cases do not oppose each other and are alternately disposed at
45° 1ntervals circumierentially of the cases.

The four mmward tongues a2b of the first radially outside
case a2 oppose the four outward tongues a5b of the second
radially inside case a5 at first positions a21 of the same phase,
respectively. On the other hand, the four inward tongues a3b
of the second radially outside case a3 oppose the four outward
tongues adb of the first radially inside case a4 at second
positions a22 of the same phase, respectively. All the inward
tongues a2b and a3b are each provided with one disk-like
outer race ab on a respective opposing side thereof (eight
outer races 1n total). Likewise, all the outward tongues adb
and aSb are each provided with one disk-like inner race a7 on
a respective opposing side thereof (eight inner races 1n total),
the inner race a7 having the same plate-like configuration as
that of the outer race a6. A total number of 8 balls a8 as rolling
clements are each interposed between a respective pair of the
outer race a6 and the innerrace a7. All these balls a8 have their
centers located on the same plane so that the embodiment 1s
constituted as a single-row eccentric thrust bearing assembly.

As shown 1n FIG. 1 and FIG. 2, the balls are discretely

inserted 1n cylindrical cages al0. A ring-like first cage guide
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all 1s fitted about each of the outer races a6 and the 1nner
races a7, thus enclosing each of the outer and 1inner races a6,
a7l (FI1G. 2). The first cage guide all projects toward the rolling
clement from a raceway surface, as fitted about each of the
outer and inner races a6, a7. Therefore, an 1nside surface of
the first cage guide all defines a wall surface about each of
the outer and 1nner races a6, a7, the wall surface extending,
perpendicularly to the raceway surface. A relative positional
relation among the all of the cages al0 retaining all the balls
a8 with their centers located on the same plane 1s retained by
a single second cage guide al2 formed of a substantially
donut-shaped disk. The second cage guide al2 1s formed with
cage insertion holes al2a at a total number of 8 places located
at 45° intervals circumierentially of the guide. The cylindrical
cage al0 1s fitted 1n the cage insertion hole al2a (FIG. 2). All
the balls a8 are retained at regular space intervals by means of
these second cage guide al2 and the cages al0. There may be
a case where the rolling elements are subjected to an unbal-
anced load when a moment load 1s applied to the bearing
assembly al. When some of the balls a8 are lifted up due to the
unbalanced load, these lifted balls a8 may possibly be moved.
However, the second cage guide al2 obviates the problem
that some of the balls a8 are moved to be displaced. The
second cage guide al2 is formed with arcuate recesses al2c¢
on 1ts outside edge, the recesses arranged with equal circum-
terential spacing. The arcuate recess serves as a relief for a
screw al3 interconnecting the two radially outside cases.

FI1G. 3 1s a front view showing an interior of a principal part
of the bearing assembly in section on the line A-A 1n FIG. 2,
the principal part excluding the second cage guide al2 (only
a quadrant of the section 1s shown). FIG. 3 also shows the
standard state, whereas the second cage guide al2 1s depicted
with the phantom line. FIG. 4 1s a sectional view of the
bearing assembly al 1n the standard state as taken on the line
B-B 1n FIG. 3. As shown 1 FI1G. 2 to FIG. 4, the first radially
inside case ad 1s disposed radially inwardly of the first radially
outside case a2, while these 1nside and outside cases substan-
tially have the same axial positions. Likewise, the second
radially 1nside case a5 1s disposed radially inwardly of the
second radially outside case a3, while these inside and outside
cases substantially have the same axial positions. Further-
more, as shown 1 FIG. 4, the firstradially outside case a2 and
the second radially outside case a3 are integrally intercon-
nected by means of the screw al3 mounted 1n the vicinity of
the outside ring portions a2a and a3a of these cases. On the
other hand, the first radially inside case a4 and the second
radially inside case a5 are integrally interconnected by means
of a screw al6 mounted in the vicinity of the inside ring
portions ada and aSa of these cases. The screws al3 and al6
are mounted to plural places circumierentially arranged with
equal spacing. Incidentally, FIG. 1 omits the delineation of
the screws al5 and alé.

As shown 1n FIG. 1, the circumierential locations of the
four outer races a6 mounted to the inward tongues a2b of the
first radially outside case a2 and of the four 1nner races a7 1n
opposing relation therewith (the four mner races a7 mounted
to the outward tongues a5b of the second radially 1nside case
a5) are the first positions a21 separately located at four places.
On the other hand, the circumfterential locations of the four
outer races a6 mounted to the inward tongues a3b of the
second radially outside case a3 and of the four inner races a7
in opposing relation therewith (the four inner races a7
mounted to the outward tongues adb of the first radially inside
case ad) are the second positions a22 separately located at
tour places. As shown 1n FIG. 3, these first positions a2l, the
second positions a22 and the individual races are alternately
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arranged on the same circle a23 at circumierential angular
intervals of a set to 45°, or at 45° circumierential phase shiit
relative to one another.

In this manner, the first position a21 and the second posi-
tion a22 are shifted relative to each other, whereby an axial
distance between the two ball-a8 rows of the bearing assem-
bly of the conventional double-row structure may be
decreased as much as possible. Thus, the bearing assembly
may have a structure wherein the respective certain portions
of all the balls a8 are present on the same plane. It 1s even
possible to arrange the two rows of balls in a single ball row.
In addition, the bearing assembly 1s adapted to bear the axial
loads 1n the opposite directions without relying upon the
double-row structure. In such an arrangement, the individual
members corresponding to the members of the eccentric
thrust bearing assembly of the conventional double-row
structure may be alternately arranged along the circumieren-
tial direction, so as to be arranged 1n a single row. That 1s, the
first radially outside case a2, the second radially 1nside case
a5, the mner and outer races a7, ab interposed between these
cases, and the balls a8 may function as a first-row eccentric
thrust bearing portion (1) of the conventional double-row
bearing assembly, whereas the second radially outside case
a3, the first radially 1nside case a4, the inner and outer races
a7, ab interposed between these cases, and the balls a8 may
function as a second-row eccentric thrust bearing portion (2)
ol the conventional double-row bearing assembly. Since each
pair of the radially outside cases a2, a3 and of the radially
inside cases ad, a5 are mtegrally interconnected, the portion
equivalent to the first-row eccentric thrust bearing portion (1)
of the conventional double-row eccentric bearing assembly
can bear the axial load 1n one direction, whereas the portion
equivalent to the second-row eccentric thrust bearing portion
(2) of the conventional double-row eccentric bearing assem-
bly can bear the axial load in the other direction. In addition,
because of such a single-row structure, the bearing assembly
may have a smaller bearing width than that of the double-row
structure. The eccentric thrust bearing assembly according to
the first aspect of the invention 1s adapted for circumierential
and radial movement within a decenterable range thereof.
Hence, this bearing assembly 1s adapted for relative rotation
within this movable range but does not permit the relative
rotation beyond this range (relative rotation beyvond a prede-
termined angular range).

The outer races a6 and inner races a7 as the disk-like
members are mndividually disposed at the first positions a2l
and the second positions a22. As shown 1n FIG. 2, each of the
races a6, a7 1s formed with a step a9 on 1ts circumierence,
such that an axially outer side thereof defines a protrusion. On
the other hand, each of the tongues 1s formed with a recess
corresponding to the protrusion such that each of the races a6,
a7 may be combined with each of the tongues a2b, a3b, adb,
aSb by mating the recess with the protrusion.

As shown 1n FIG. 2 and FIG. 3, a gap aK1 (represented by
a hatched area in FI1G. 3) 1s defined between an inner periph-
eral surtace a3c¢ of the second radially outside case a3 and an
outer peripheral surface aSc of the second radially 1inside case
a5, the gap extended along the overall length of the peripheral
surfaces. As shown 1n FIG. 3, the gap aK1 has a width equal
to a radial distance al. determined at the radial outermost
point of the outward tongue asSb and a width equal to a radial
distance aM determined at the radial innermost point of the
inward tongue a3b. In order to substantially equalize the
width of the gap aK1 along the overall length, the inner
peripheral surface a3c of the second radially outside case a3
1s configured to substantially conform to the configuration of
the outer peripheral surface a5c¢ of the second radially mnside
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case aS. As a result, the width of the gap aK1 1s in the range of
alL. or more and aM or less with respect to the overall length.
In addition, the distance aM 1s decided 1n view of a sufficient
strength of the radially inside cases a4, a5 as well. The dis-
tance aM may preferably be defined to be equal to the distance
alL. The provision of the gap aK1 allows the second radially
outside case a3 and the second radially 1nside case a5 to be
disposed at the axially same position so that the balls a8 are
arranged 1n a single row. Furthermore, the second radially
inside case ad and the second radially outside case a3 are
allowed to move relative to each other substantially for the
distance alL in every radial direction, and are also allowed to
move circumierentially relative to each other (relative rota-
tion). A distal end of the outward tongue aSb of the second
radially mside case a3 1s shaped like a semi-circle (FIG. 3),
which corresponds to a circular shape of the inner race a7. In
addition, such a shape of the outward tongue adb 1s made for
the sake of providing a relative movement stroke of the dis-
tance alL around a standard position of the ball a8, the relative
movement stroke defined between the second radially inside
case ad and the second radially outside case a3. On the other
hand, a distal end of the inward tongue a3b of the second
radially outside case a3 1s also shaped like a semi-circle,
which corresponds to the shape of the outer race a6. In addi-
tion, such a shape of the inward tongue a3b 1s made for the
sake of providing a relative movement stroke of the distance
alL around the standard position of the ball a8, the relative
movement stroke defined between the second radially inside
case a5 and the second radially outside case a3. Thus, the
range ol the gap aK1 decides a relatively movable range
between the radially mnside case a5 and the radially outside
case a3.

The ball a8 as the rolling element 1s allowed to move by a
gap aK2 (FIG. 3) defining an annular area of a width aR about
the ball a8, the gap disposed between an outside surface al0a
of the cage al0 accommodating the ball therein and an inside
surface alla of the first cage guide all. That is, the ball a8 1s
allowed to move till the outside surface al0a of the cage al0
comes 1nto contact with the 1nside surface a 11a of the first
cage guide all. In this embodiment, the movable range of the
ball a8 1s decided by the area (diameter) of the races a6, a7, the
diameters of the ball a8 and of the cage al0 and the inside
diameter of the first cage guide all. Thus, the range of the gap
aK2 decides the movable range of the ball a8.

According to the embodiment, the space distance aR
between the outside surface al0a of the cage al0 accommo-
dating the ball a8 and the inside surface alla of the first cage
guide all (the radial space distance aR 1n the standard state)
1s defined to be a half of the atoresaid space distance alL. That
1s, the following mathematical equation holds:

al.=2(aR).

Such an equation corresponds to that the moving distance of
the ball a8 1s a half ofthe relative movement distance between
the races. The diameter of the inner race a6 and the outer race
a7 1s so defined as to set the distance aR to a half of the
distance al..

In this manner, the relatively movable range between the
second radially inside case a5 and the second radially outside
case a3, as provided by the gap aK1 therebetween, substan-
tially corresponds to the movable range of the ball a8, which
1s provided by the gap aK2 between the outside surface al0a
of the cage al0 and the 1nside surface alla of the first cage
guide all. In other words, the relatively movable range
between the radially imside and outside cases a3, a3, as pro-
vided by the gap aK1 therebetween, substantially coincides
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with the decenterable range of the bearing assembly al. Spe-
cifically, when the ball a8 1s moved so far as to bring the
outside surface al0a of the cage al0 accommodating the ball
a8 1nto abutment against the inside surface alla of the first
cage guide all, the second radially inside case a5 1s also
brought into substantial abutment against the second radially
outside case a3 so that an excessive space therebetween 1s
minimized. Accordingly, the bearing assembly al may be
downsized while expanding the decenterable range thereof to
a maximum limit.

To eliminate the excessive space around the ball a8 also
means that the races a6, a7 are not unduly 1ncreased 1n size.
Therefore, the greatest possible decenterable range may be
obtained using the small races a6, a7. As shown 1n FIG. 2, a
gap aS between an outer peripheral surface of the second cage
guide al2 and inner peripheral surfaces of the outside ring
portions a2a, a3a of the two radially outside cases 1s slightly
greater than the aforesaid space distance aR, such that the
second cage guide and the radially outside cases may be kept
out of contact with each other with respect to the decenterable
range of the bearing assembly al.

According to the embodiment, all the outer races a6 and
inner races a7 are formed of the disks having the same diam-
cter and the same configuration. Furthermore, all the races are
disposed on the same circle a23 1n the standard state (FIG. 3).
Hence, the respective movable ranges of the balls a8 at all the
locations, or at all the first positions a2l and the second
positions a22, correspond to the decenterable range of the
bearing assembly al. That 1s, the bearing assembly al 1s
arranged such that when the bearing assembly al 1s moved to
the limit of the decenterable range thereof with respect to
every direction of a movable plane, every one of the balls a8
1s moved almost to the limit of the movable range thereof. In
short, all the inner and outer races a6, a7 are standardized by
using the same member and besides, the size of the races 1s
minimized.

While the description has been made by way of example of

the relation between the second radially outside case a3 and
the second radially inside case a3, the first radially outside
case a2 and the first radially inside case a4 also have the same
relation.
The following method may be taken to position the ball a8
at the center of the outer races a6 and the 1inner races a7 in the
standard state, as shown 1n FIG. 2. After the bearing assembly
al 1s assembled, the bearing assembly al under a small pre-
load may be subjected to the maximum relative movement 1n
every radial direction and circumierential direction. In this
method, any cage al0 retaining a displaced ball a8 1s brought
into contact against the first cage guide all so as to cause the
ball a8 to slide on the race, whereby the position of the ball a8
1s adjusted to the center of the outer and 1nner races a6, a7 1n
the standard state. Thus, the provision of the first cage guide
all facilitates the positional adjustment of the balls a8. Par-
ticularly 1n a state where the bearing assembly al 1s
assembled, the positions of the balls a8 may be readily
adjusted.

In a case where the bearing assembly al 1s used as an
assemble member mounted to a device other than the bearing
assembly al, which i1s provided with means using, for
example, rubber, spring or the like for restricting the range of
the relative movement in the bearing assembly al, 1f a range
restricted by the above means 1s smaller than the decenterable
range of the bearing assembly al, the bearing assembly al
does not encounter interference with the components of the
device.

While the configuration of the outer race a6 and the 1nner
race a7 1s not particularly limited, the embodiment adopts a
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separate-race structure wherein these races a6, a7 are sepa-
rately located at the first positions a21 and the second posi-
tions a22. Such a structure reduces the race portion which 1s
in rolling contact with the balls a8 and which 1s normally
formed from the iron-base material such as a bearing steel.
This leads to cost reduction. On the other hand, the radially
inside cases a4, a5 and the radially outside cases a2, a3 retain-
ing these races a6, a7 for integrally interconnecting these
races do not contact the balls a8 and hence, these cases may be
formed from a light metal such as an aluminum alloy. Accord-
ingly, such a separate-race structure 1s preferred because the
individual races a6, a7 may be downsized while the bearing
assembly al may be reduced 1n weight. In general tendency,
when the bearing assembly 1s 1ncreased in size, the races a6,
a7l are also increased 1n size. The races increased 1n s1ze make
it quite difficult to machine the raceway surfaces having high
flatness. If the race 1s separated as suggested by the embodi-
ment, 1t 1s easy to increase the size of the whole body of the
bearing assembly wherein the individual races are down-
s1zed.

It 1s noted here that the respective groups of the first posi-
tions a2l and the second positions a22 are located at four
places, or otherwise at three or more places. Furthermore,
these three or more places are not disposed on a straight line
but along the circumierential direction, so that the two pairs of
radially inside cases ad, at and the radially outside cases a2, a3
in opposing relation via the balls a8 are individually sup-
ported on three or more points. This allows the bearing assem-
bly to bear not only the axial loads 1n the opposite directions
but also the moment load. Therefore, each group of the first
positions a2l and the second positions a22 may be located at
three or more places but not limited to the example of the
embodiment where the respective groups of the first positions
a2l and the second positions a22 are located at four places. It
1s more preferred, as suggested by the embodiment, that the
first positions a21 and the second positions a22 are distributed
in a circumierential angular range of 180° or more, in order
not that the three or more locations of the respective groups of
the first positions a21 and the second positions a22 are cen-
tralized 1n a circumiferential angular range of 180° or less.
Such an arrangement 1s pretferred because the support points
on the opposite planes are more widely distributed along the
circumierential direction, so that the bearing assembly 1s able
to bear a greater moment load and that the axial load may be
more evenly distributed in the plane thereby subjecting the
balls a8 to more even loads.

According to the embodiment, the respective groups of the
first positions a21 and the second positions a22 are located at
the same number of N places (N indicating an integer of 3 or
more). Furthermore, the first positions a21 and the second
positions a22 are alternately arranged on the same circle a23
at (360/2N)° circumierential phase shift relative to one
another. In such an arrangement, the first positions a21 and
the second positions a22 are located as evenly distributed
along the circumierential direction and the radial direction.
Thus, the bearing assembly 1s adapted for efficient bearing of
the axial loads 1n the opposite directions and of the moment
load.

Furthermore, the movable ranges of the individual balls a8
are the same in this case. This permits the all of the races a6,
a7 to have the minimum size and the same configuration, so
that the bearing assembly al may be further reduced in
weight. Although N may preferably be an integer of 3 or
more, an excessively large number of N leads to a tendency
that a space distance between members that provides the
decenterable range of the bearing assembly 1s too small and
that the structure of the bearing assembly 1s complicated

10

15

20

25

30

35

40

45

50

55

60

65

16

because of too many components. Therefore, 1t 1s normally
preferred to define the value N 1n the range 014 to 6. The value
N may more preferably be 5 from the viewpoint of balance
between the moment load bearing ability and the decenter-
able range of the bearing assembly.

In the first aspect of the invention, the cages al0 need not
necessarily be provided. However, ifthe cages al0 for accom-
modating the balls a8 are used, as suggested by the embodi-
ment, the leakage of a lubricant such as a lubricating o1l or
grease supplied to the peripheries of the balls a8 may be
avoided. While the first cage guides all facilitate the posi-
tional adjustment of the balls a8 as described above, a more
positive positional adjustment may be accomplished by using
the cages al0 in combination with the first cage guides all.
That 1s, the abutment between the outside surface of the cage
al0 and the mside surface of the first cage guide all may
assuredly bring the ball a8 into sliding movement during the
positional adjustment. In addition, the first cage guide all 1s
able to prevent the invasion of foreign substances 1nto an area
around the races a6, a7 or between the races, also functioning
as a seal member for the whole body of the bearing assembly.

Because of the combined use of the cages al0 and the
second cage guide al2, the relative positional relation among,
the individual balls a8 can be maintained although the second
cage guide al2 has a relatively small thickness. Since the
cages al0 are recerved by the cage msertion holes al2a of the
second cage guide al2, the balls a8 may be assuredly retained
although the second cage guide al2 1s not nearly as thick as
the diameter of the ball a8. The cage al0 may be formed from
a resin such as a phenol resin, whereas the second cage guide
al2 may be formed from a resin such as polytetratluoroeth-
ylene (PTFE). The first cage guide all may be formed from a
resin material or the like. However, the first cage guide 1s
required to bring the ball a8 into sliding movement as bearing
against the pressing force of the ball a8 1n the aforementioned
case where the first cage guide all 1s used for the positional
adjustment of the ball a8. Therefore, a material having a
certain level of high rigidity 1s more preferred as the material
for the first cage guide. A suitable material may be exempli-
fied by an aluminum alloy.

The rolling element may have any configuration. However,
all the rolling elements may preferably be the balls a8 as
illustrated by the embodiment 1n that the bearing assembly 1s
reduced 1n rolling resistance with respect to every direction of
the raceway surface. Furthermore, the number of rolling ele-
ments 1s not particularly limited. A plural number of rolling
clements may be disposed at each of the first positions or the
second positions. Otherwise, one rolling element may be
disposed at each of the first or second positions, as 1llustrated
by the embodiment. At least one rolling element must be
disposed at each of the positions.

The bearing assembly according to the first aspect of the
invention may be provided with a shield on an axial side
thereof. The shield covers one side or the opposite sides of the
bearing assembly, thereby usefully preventing the invasion of
foreign substances 1nto the bearing assembly as well as the
leakage of the lubricant. It 1s preferred that the shield 1s so
disposed as not to limit the decenterable range of the bearing
assembly. For instance, the shield may consist of an 1nner
shield formed of a donut-shaped disk which 1s mounted to the
inside ring portion of the radially inside case and extended
radially outwardly therefrom; and an outer shield formed of a
donut-shaped disk which 1s mounted to the outside ring por-
tion of the radially outside case and extended radially
inwardly therefrom. In this case, these inner and outer shuelds
are disposed 1n alignment in the standard state and are axially
overlapped on each other (for example, the outer shield 1s
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overlapped on an axially outer side of the mner shield). A
layer-like space between the overlapped shields 1s decreased
as much as possible 1n order to ensure anti-dust performance.
An outside diameter and an inside diameter of the outer shield
are defined to be greater than those of the mner shield by at
least a relatively movable distance therebetween (equivalent
to the distance alL according to the embodiment), such as not
to limit the decenterable range of the bearing assembly. In
order to retain the atorementioned relative positional relation
between the members 1n the standard state, the pre-load may
preferably be applied between the 1nside and outside mem-
bers by means of a pre-load applying screw or the like,
thereby obviating the sliding movement between the rolling
clements and the races.

In the bearing assembly according to the first aspect of the
invention, the configuration of the radially outside member or
the radially inside member 1s not limited to the circular shape
(ring-like shape), but may be a polygonal shape, for example.
In a case where the above member has the polygonal shape,
the radial direction and the circumierential direction herein
means a radial direction and a circumierential direction of a
circle circumscribed about the polygonal shape.

While the foregoing embodiment 1llustrates the single-row
bearing assembly wherein all the balls a8 have their centers
positioned on the same plane, 1t goes without saying that the
first aspect of the invention 1s not limited to such a single-row
structure. In other words, what 1s required 1s that the respec-
tive certain portions of the rolling elements are present on the
same plane. So long as this condition 1s satisfied, the rolling
clements may be axially displaced relative to one another. The
bearing assembly of the conventional double-row structure
has a great axial thickness because at least the race must exist
in an axial gap between the rows of rolling elements.

In the first aspect of the mvention as described above, the
constitution 1s made such that the individual members corre-
sponding to those constituting the bearing assembly of the
conventional double-row structure are alternately disposed
while the respective certain portions of the rolling elements
have their certain parts are present on the same plane. Thus,
the fist aspect of the invention may provide the eccentric
thrust bearing assembly capable of bearing the axial loads 1n
the opposite directions and having a smaller bearing width
than that of the double-row structure.

An embodiment according to a second aspect of the inven-
tion will hereinbelow be described with reference to the draw-
Ings.

FI1G. 5 1s a perspective view showing a bearing assembly bl
according to the embodiment of the mvention. FIG. 6 1s a
sectional view of the bearing assembly bl (the lower half
from 1ts axis 1s omitted), a circumierential position of which
1s defined as a position on a line passing through the center of
a ball b6 as the rolling element. FIG. 7 a front view showing
a principal part (quadrant) of the bearing assembly as viewed
along the arrows from section on the line A-A 1n FIG. 6.

As shown 1n FIG. § and FIG. 6, the bearing assembly bl
includes: two annular axially outside cases b2, b2 disposed 1n
axially opposing relation; and an annular axially inside case
b3 interposed between these two axially outside cases b2, b2.
Thus, the two axially outside cases b2, b2 opposes the axially
opposite sides of the axially inside case b3, respectively. The
two axially outside cases have the same configuration and
conironts the axially inside case b3 as symmetrically oriented
thereto. Furthermore, the axially outside cases are integrally
interconnected at places adjacent the nside circumierences
thereol by means of plural screws bll circumierentially
arranged with equal spacing. Six circular inner races b3 are
mounted to each of the both sides (confronting the axially
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outside cases) of the axially inside case 3, which oppose a
respective inner side of the axially outside cases 2, 2. These
iner races bd are separately located at places of the same
PCD (on the same circle) on each of the opposing sides (the
both sides) of the axially inside case b3 to the respective
opposing side of the axially outside cases, at regular circum-
terential intervals (or at circumierential angular intervals of
60°). On the other hand, six circular outer races b4 are sepa-
rately located on the respective mner side of the two axially
outside cases b2. These outer races b4 are separately located
at places of the same PCD (on the same circle) on each of the
inner sides of the axially outside cases b2, at regular circum-
ferential intervals (or at circumierential angular 1ntervals of
60°). All the outer races bS and 1nner races b4 have a circular
shape of the same diameter.

In FIG. §, for the sake of easy view of the arrangement of
the individual members, the upper semi-circular part of the
axially outside case b2 1s cut away while the outer races b4
mounted to the cut-away part 1s accordingly omitted. In addi-
tion, the axially outside case b2 1s shifted downwardly and
rearwardly relative to the axially inside case b3 as seen 1n the
FIG. The FIG. also omits a shield b10 (to be described here-
inlater) partly covering an outer side of the axially outside
case (FIG. 6). Unlike FIG. 5, FIG. 6 and FIG. 7 are the
sectional views showing a neutral state (hereinafter, also
referred to as “standard state”) of the bearing assembly
wherein the balls b6 are not moved 1n any direction.

As shown 1n FIG. 6, each 1nner race b5 and each outer race
b4 axially oppose each other as disposed at corresponding
positions in the standard state. Furthermore, the inner races
b5 are disposed at the same positions (phase) with respect to
the front and rear sides (the opposing sides to the respective
axially outside cases) of the axially inside case b3. Therelore,
the outer races b4 are also disposed at the same positions
(phase) with respect to the two axially outside cases b2, b2. As
shown 1n FIG. 6 and FIG. 5, each of the disk-like inner and
outer races b4, b5 1s formed with a race step bl3 on 1ts
circumierence, such that an axially outer side thereof defines
a protrusion. On the other hand, each of the axially outside
cases b2 and the axially inside case b3 1s formed with a recess
corresponding to the protrusion. The outer races and i1nner
races b4, b3 are mounted to the axially outside cases b2 and
the axially inside case b3 by combining together these pro-
trusions and recesses.

In the standard state, the ball b6 as the rolling element 1s
disposed at the center of each circular inner race and outer
race bS, b6. A total number of 12 balls b6 are used 1n one-to-
one correspondence the inner races and outer races, so as to
constitute a double-row bearing assembly wherein the balls
are arranged 1n two rows on the same plane, each row con-
sisting of six balls. Each ball b6 1s accommodated 1n a cylin-
drical cage b7, whereas a ring-like cage guide b8 1s fitted
about each of the inner races b5 and outer races b4. The cage
guide b8 projects toward the ball b6 from a raceway surface of
cach of the inner and outer races b4, b5. The cage guide b8
facilitates the positioning of the ball b6 centrally of each
circular inner or outer race bS5, b4 1n the standard state. That s,
when the bearing assembly bl under a small pre-load 1s
subjected to the maximum relative movement with respect to
every radial direction (the overall circumierence), any dis-
placed rolling element may be locked by the cage guide b8
and adjusted 1nto position as properly slid on the race. Thus,
the cage guides b8 permit the individual balls b6 to be
adjusted into position quite easily 1in the assembled state of the
bearing assembly bl.

Since the inner and outer races b4, b5 are separately located
at the respective positions of the balls b6, the individual races
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may be reduced 1n size as compared with a case where the
races are not separated. The races reduced 1n size are easy to
machine and hence, 1t becomes easy to fabricate larger bear-
ing assemblies. Furthermore, the bearing assembly may be
reduced 1n weight because the race portions 1n contact with
the balls b6 are formed from the iron-base metal such as a
bearing steel, whereas the axially inside case and the axially
outside cases may be formed from the light metal such as an
aluminum alloy.

In the standard state, all the inner and outer races b4, b5 are
disposed on the same circle b15 (FIG. 7), thus having the
same PCD. In addition, the races are distributed at equal
circumierential angular intervals ba (FIG. 7). This embodi-
ment defines the angular interval ba to be 60°. In such an
arrangement, the balls b6 serving as the support points of the
bearing assembly b1 are uniformly distributed in the circum-
terential direction and the radial direction. Hence, the bearing
assembly 1s adapted to bear the axial loads 1n the opposite
directions and the moment load in a more stable manner,
while the loads on the individual balls b6 as the rolling ele-
ments may be equalized.

In the standard state, all the inner and outer races b4, b5 are
disposed on the same circle b15 (FIG. 7), thus having the
same PCD. In addition, all the inner and outer races b4, b5
have the circular shape of the same diameter. Therefore, the
movable ranges of the balls b6 between the individual pairs of
separately located inner and outer races b4, b5 are all equal to
one another. That 1s, when any one of the balls b6 1s moved
across 1ts movable range, all the other balls b6 are also moved
across their movable ranges. Thus, the embodiment mini-
mizes the sizes ol the all of the plural inner and outer races b4,
bS.

According to the embodiment, the axially outside cases b2
and the axially mside case b3 are all shaped like a nng and
coaxially arranged. Hence, a gap between a flange inner
periphery b3c and an outer periphery b2c¢ of the axially out-
side case b2 defines a ring form having a constant width with
respect to the overall circumierence thereof. In addition, the
movable range of each ball b6 1s defined by a circular area
corresponding to the circular shape of the inner and outer
races b4, b5. Therefore, this bearing assembly b1 allows for
the relative-movement by a constant width with respect to
every direction of the movable plane. Furthermore, the bear-
ing assembly bl has a uniform structure with respect to the
circumierential direction. Since all the inner and outer races
b4 b5 have the circular shape of the same diameter, all the
inner and outer races b4, b5 are standardized by using the
same race member as the inner and outer races b4, b5.

The axially inside case b3 1s formed with tlanges b3b, b35b
on an outside circumierence thereof, the flanges extended

from a substantially plate-like base b3a 1n axially opposite
directions (FI1G. 6). The annular shield b10 1s attached to an

axially distal end of each of the flanges b35b, b3b, the shield
extending radially inwardly from the distal end. The shield
b10 1s formed of a thin annular plate and 1s axially positioned
to overlap the outer side of the axially outside case b2 as
substantially defining no clearance therebetween. The shield
b10 1s fixed to the axially distal end of the flange b35b of the
axially 1nside case b3 but 1s not fixed to the axially outside
case b2. Therefore, the shield b10 1s allowed to move relative
to the axially outside case b2 as maintaiming the clearance-
free overlapping relation with the outer side of the axially
outside case. Thus, the shield 1s usetul for preventing the
invasion of foreign substances into the bearing assembly bl.
The axially distal end of flange b35b 1s substantially aligned
with the axial position of the outer side of the axially outside
case b2, thereby permitting the mounting of the shield b10.
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Since the axially distal end of flange b3b of the axially
inside case b3 1s substantially aligned with the axial position
of the outer side ofthe axially outside case b2, the flange inner
periphery b3c as an inner peripheral surface of the flange b3b
of the axially iside case b3 and the outer periphery b2c¢ of the
axially outside case b2 have portions in radially opposing
relation. Therefore, the flange and the axially outside case are
in such a positional relation that these members possibly
contact with each other when the distance of the relative
movement 1n the bearing assembly 1s increased. In the stan-
dard state as shown in FI1G. 6, a radial space distance bL exists
between the flange mner periphery b3c¢ and the outer periph-
ery b2c of the axially outside case b2 along the overall cir-
cumierence. Furthermore, an inner periphery b3d of the
annular axially inside case b3, or the radially innermost side
thereof, and an outer periphery b2a of the interconnection of
the axially outside cases b2 are also 1n such a relation that
these members possibly contact with each other when the
distance of the relative movement 1n the bearing assembly 1s
increased. In the standard state as shown 1n FIG. 6, a radial
space distance bM exists between these members along the
overall circumierence. The distance bM 1s substantially equal
to the aforesaid distance bL, but 1s slightly greater than the
distance bL by an allowance for forming a bolt hole through
which the screw bll is inserted. These gaps between the
axially 1nside case and the axially outside case provides the
relatively movable range.

In the standard state as shown in FIG. 6, a gap of a width bR
ex1sts between an outer periphery of the cage b7 accommo-
dating the ball b6 and an inner periphery of the cage guide b8
fitted about the race, the gap extending along the overall
circumierence about the ball b6. The range of the gap decides
the movable range of the ball b6 as the rolling element. That
15, the diameter of the inner race bS5 and the outer race b4, the
outside diameters of the ball b6 and the cage b7, the 1nside
diameter of the cage guide b8 and the like are the determinant
factors of the movable range of the ball b6 as the rolling
clement.

The embodiment defines the above space distance bR to be
a half of the above distance bL.. That1s, the following equation

holds:

bL=2(bR).

The equation corresponds to that the moving distance of
the ball 1s a half of the distance of the relative movement
between the races. According to the embodiment, the mov-
able range of each ball b6 between each pair of separately
disposed mmner and outer races b4, bS substantially corre-
sponds to the aforementioned relatively movable range pro-
vided by the gap between the axially outside case b2 and the
axially 1nside case b3. As a result, the decenterable range of
the bearing assembly 1 substantially coincides with the rela-
tively movable range provided by the gap between the axially
outside case b2 and the axially inside case b3. In such an
arrangement, when the axially outside cases b2 and the axi-
ally inside case b3 are relatively moved so far as to reduce the
space distance bL to zero, the balls b6 are moved so far as to
reduce the space distance bR to zero. Thus, an excessive space
1s excluded from the gap between the outer periphery b2¢ of
the axially outside case b2 and the axially inside case b3,
while an excessive space 1s also excluded from the gap
between the inner and outer races allowing for the movement
of the ball. As a result, the bearing assembly bl can accom-
plish the size reduction.

The embodiment defines the distance bL to be substantially
equal to the distance bM. Therefore, when the axially inside
case b3 and the axially outside cases b2 are relatively moved
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so far 1n one radial direction as to reduce the distance bL to
zero, the distance bM with respect to the radial direction 1s
substantially reduced to zero, as well. In a case where there 1s
a great difference between the space distance bL and the
space distance bM, the smaller one of these space distances
limits the decenterable range of the bearing assembly bl.
However, the embodiment substantially equalizes these space
distances, thereby accomplishing the size reduction of the
bearing assembly bl and also providing the greatest or the
greatest possible decenterable range of the bearing assembly
bl. Furthermore, the distance bM may be decreased so that
the annular axially outside case b3 may have an increased
inside diameter. Thus, the bearing assembly b1 may be further
reduced 1n weight.

According to the embodiment, the axially iside case b3 1s
formed with circular through holes b9 at places free from the
iner races b5. The provision of such through holes b9 further
reduces the weight of the axially inside case b3, resulting in
the further reduction of the weight of the bearing assembly
b1. In this embodiment, all the inner and outer races b4, b5 are
disposed on the same circle b13 (FIG. 7) so as to have the
same PCD, and are distributed with equal circumierential
spacing. Accordingly, the through holes b9 are also arranged
on the same circle and with equal circumierential spacing. In
addition, all the through holes b9 have the same diameter.
Such a design allows the through holes b9 to be disposed at
places free from the mner races b5 and distributed with equal
circumierential and radial spacing. Hence, the axially inside
case b3 may have a uniform ngidity with respect to the
circumierential direction and may also be reduced in weight.

The embodiment devices the shield b10 of the substantially
donut-shaped disk so as not to decrease the decenterable
range of the bearing assembly bl. Specifically, as shown in
FIG. 6, a radial distance bT from an inside circumierence of
the shield b10 to a shield-dedicated step b12 formed in the
vicinity of a radially inner side of the axial outside case b2 1s
defined to be greater than the aforesaid distance bL. In such an
arrangement, the decenterable range of the bearing assembly
bl 1s not limited by the shield b10. A depth of the shield-
dedicated step b12 1s substantially equal to a thickness of the
shield b10, so that the bearing assembly bl may not have a
greater axial thickness than necessary.

The following method may be taken to position the respec-
tive balls b6 at the center of the inner and outer races b4, b5 1n
the standard state, as shown 1n FIG. 6. That 1s, the bearing
assembly bl may be subjected to the maximum relative
movement to the limit of the overall decenterable range of the
bearing assembly bl 1n a state where a small pre-load 1s
applied between the axially outside case b2 and the axially
inside case b3 by means of the pre-load applying screws or the
like. According to this method, any displaced ball b6 may be
slidably moved by the cage guide b8 so as to be adjusted 1nto
position. Subsequently, the pre-load applying screws may be
fastened with a predetermined torque. According to the sec-
ond aspect of the mvention, 1t 1s preferred that the rolling
clements such as the balls b6 at the respective locations are
positioned centrally of the inner and outer races b4, b5 1n the
standard state without varying the respective PCD (Pitch
Circle Diameter). However, the axial load or the like may
cause the rolling elements to be subjected to the unbalanced
load, which may act to lift up some of the balls 6 from the
races so that the lifted balls may be displaced. In this case, as
well, the cage guides b8 may be provided thereby allowing,
the individual balls b6 to be corrected for position in the state
where the bearing assembly bl 1s assembled, as described
above. In order to maintain the PCD of the respective balls b6
in the standard state, the sliding movement between the
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respective balls b6, as the rolling elements, and the inner and
outer races b4, bS may be mhibited by applying the pre-load
between the mnside and outside members by means of the
pre-load applying screws or the like.

In the second aspect of the invention, the cages b7 and cage
guides b8 need not necessarily be provided. However, 11 the
cages b7 for accommodating the balls b6 are used, as sug-
gested by the embodiment, the leakage of the lubricant such
as a lubricating o1l or grease supplied to the peripheries of the
rolling elements may be avoided. While the cage guides b8
tacilitate the positional adjustment of the balls a6 as described
above, a more positive positional adjustment may be accom-
plished by adding the cages b7. That 1s, the abutment between
an outside surface of the cage b7 and an inside surface of the
cage guide b8 assuredly brings the ball a8 into sliding move-
ment during the positional adjustment. In addition, the cage
guide b8 also serves to prevent the ivasion of foreign sub-
stances 1nto space between the races b4, bS in opposing
relation.

According to the second aspect of the invention, the rolling
clement may have any configuration. However, all the rolling
clements may preferably be the balls b6 in that the bearing
assembly 1s reduced 1n the rolling resistance with respect to
every direction of the raceway surface. Furthermore, the num-
ber of rolling elements 1s not particularly limited. A plural
number of rolling elements may be provided at each pair of
the imnner and outer races b4, b5. Otherwise, one rolling ele-
ment may be provided at each pair of the inner and outer races
b4, b5, as illustrated by the embodiment. At least one rolling
clement must be provided at each pair of the inner and outer
races b4, bSs.

In the second aspect of the mvention, the outer or 1nner
races b4, b5 are disposed on each of the axially outside cases
b2 or on the axially 1nside case b3 on each of 1ts opposing
sides to the axially outside cases b2, as separately located at
three or more places along the circumierential direction. In a
case where, as illustrated by the embodiment, the separate
iner races b3 are disposed on the axially mnside case b3 on
cach of 1ts opposing sides to the two axially outside cases but
not 1n a manner that the both sides of the inner race b3 serve
as the an mner race on the front side and an 1nner race on the
back side of the axially inside case b3 at corresponding posi-
tions with respect to the both sides of the axially outside
cases, siX or more 1nner races b5 1n total are necessary. Since
the rolling elements such as the balls b6 are clamped between
the respective pairs of the inner and outer races b4, b3S, the
axially mside case b3 and the axially outside cases b2 are each
supported on three or more points along the circumierential
direction. Hence, the bearing assembly 1s adapted to bear the
axial loads 1n the opposite directions and the moment load 1n
a stable manner.

While the inner and outer races b4, b5 and the balls b6 of
this embodiment are distributed along the overall circumier-
ential length, the second aspect of the mnvention 1s not limited
to such a constitution. However, the bearing assembly 1s
adapted to bear the axial loads and the moment load 1n a more
stable manner 1f the outer or inner races b4, b5 are distributed
at three or more places 1n a circumierential range of a circum-
ferential angle of 180° or more (semi-circle), with respect to
the mner side of each of the axially outside cases b2, b2 or to
cach of the opposing sides of the axially inside case b3 to the
respective opposing axially outside cases b3. Such an
embodiment 1s particularly preferred from the viewpoint of
bearing a great moment load.

According to the embodiment, the outer or inner races b4,
b5 are disposed at six places on each of the axially outside
cases b2 or on either side of the axially inside case b2. Par-
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ticularly, 1n a case where all the outer and 1nner races b4, b5
are positioned at the same PCD (on the same circle on the
plane shown in FIG. 7) and arranged with equal circumier-
ential spacing, as illustrated by the embodiment, 1t 1s pre-
ferred that three to eight outer or inner races b4, b3 are
separately disposed on each of the axially outside cases b2
and on either side of the axially inside case b3. If two or less
races are provided, the axially outside case b2 may not be
supported stably. If too many races are provided, the indi-
vidual races have such a small size that the movable range of
the rolling element may become too small. In addition, the
number of members 1s increased so much that the structure of
the bearing assembly 1s complicated, leading to cost increase.

The embodiment defines the distance bL to be twice the
distance bR, and also defines the distance bM to be sibstan-
tially twice the distance bR. If the distance bL 1s defined to be
substantially twice the distance bR while the distance bM 1s
not substantially twice the distance bR, the movable range of
cach ball b6 substantially corresponds to the decenterable
range of the bearing assembly b1, so that each of the outer and
iner races b4, b5 may have the minimized size. In addition,
the axially inside case b3 may have the minimized inside
diameter.

In this embodiment as shown in FIG. 6, the inner races b5,
b5 disposed on the axially inside case b3 on its opposing sides
to the respective axially outside cases are placed at the corre-
sponding positions (the same phase) on the front and back
sides of the axaally inside case b3. Accordingly, the outer
races b4 disposed on the two axially outside cases b2, b2 in
opposing relation with the respective inner races b5, bS are
also placed at the corresponding positions (the same phase) to
those of the inner races b5, b5 1n the standard state. However,
the second aspect of the invention i1s not limited to such a
constitution. The positions (phase) of the inner races b5 on the
front and back sides of the axially inside case b3 may be
shifted from each other.

In a case where the bearing assembly bl 1s used as an
assemble member mounted to an external device other than
the bearing assembly b1, which 1s provided with means using,
for example, a reaction force of rubber, spring or the like for
restricting the range of the relative movement 1n the bearing,
assembly bl, if a range restricted by the above means 1s
smaller than the decenterable range of the bearing assembly
b1, the bearing assembly b1l does not encounter interference
with the components of the device.

According to the bearing assembly of the second aspect of
the invention, the configuration of the axially outside case or
the axially iside case 1s not limited to a circular shape (ring-

ike shape) but may be a polygonal shape, for example. In a
case where the above member has the polygonal shape, the
radial direction and the circumferential direction herein
means a radial direction and a circumiferential direction of a
circle circumscribed about the polygonal shape.

As described above, the second aspect of the invention may
provide the double-row eccentric thrust bearing assembly
which permits the downsizing of the race portions and which
1s easy to increase the size thereot but to decrease the weight
thereof.

An embodiment according to a third aspect of the invention
will hereinbelow be described with reference to the drawings.

FIG. 8 1s an exploded perspective view showing an eccen-
tric thrust bearing assembly according to a first embodiment
of the third aspect of the invention. FIG. 9 1s a sectional view
of the bearing assembly (the lower half from 1ts axis 15 omit-
ted). As shown in FIG. 8 and FIG. 9, this bearing assembly ¢l
includes: two annular axially outside members c2, ¢2 axially
opposing each other and integrally interconnected at places
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adjacent the radially outside circumierences thereol by
means of outside screws c11 (shown 1n FIG. 9 but omitted in
FIG. 8); and an annular axially inside member ¢3 interposed
between these two axially outside members. FIG. 9 shows a
neutral state (hereinaiter, also referred to as “standard state™)
wherein balls ¢8 as the rolling elements are not moved 1n any
of the radial directions.

Each of these two axially outside members ¢2, ¢2 includes:
an annular axially outside case c4; and an outer race c¢5
formed of an annular plate mounted to an mner side of the
axially outside case c4. The axially outside case ¢4 and the
outer race ¢5 are separate members. The outer race ¢5 formed
of the annular plate 1s fixed to a recess cda formed on an
opposing side of the axially outside case c4 to the outer race
(F1G. 9). Furthermore, the two axially outside cases c4, ¢4 are
integrally interconnected at places adjacent the radially out-
side circumierences thereof by means of the outside screws
c11 (shown 1n FIG. 9 but omitted 1n FIG. 8). The axially inside
member ¢3 includes: two annular axially iside cases ¢6, c6;
and an mnner race ¢7 formed of an annular plate clamped
between these two axially inside cases ¢6, ¢6 on the both sides
thereof and fixed thereto by means of inside screws c12
(shown 1n FIG. 9 but omitted in FIG. 8). The axially mside
cases ¢6, c6 and the iner race ¢7 are separate members.
These three members are integrally interconnected by means
of the inside screws ¢12 (shown 1n FIG. 9 but omitted in FIG.
8) 1n a state where the iner race ¢7 1s clamped between the
two axially inside cases ¢6, ¢6. As shown in FI1G. 9, an axial
center of the innerrace ¢7 1s aligned with an axial center of the
bearing assembly c1, so that the bearing assembly ¢l has a

symmetric structure with respect to a plane perpendicular to
the axis and passing through the center thereof.

In the bearing assembly ¢l according to the first embodi-
ment, the axially inside case ¢6 1s unified with a rolling-
clement guide ¢9. Specifically, the flange-like rolling-ele-
ment guide ¢9 1s extended radially outwardly from an outside
circumierence of the annular axially inside case ¢6. The annu-
lar rolling-element guide ¢9 1s formed with movable-range
delimiting holes ¢9a circumierentially arranged with equal
spacing, the movable-range delimiting hole defined by a cir-
cular through-hole for delimiting the movable range of each
ball c8 as the rolling element. All the movable-range delim-
iting holes ¢9a have the same diameter and radial position (1n
the standard state). Each of the balls ¢8 1s disposed 1n each of
the movable-range delimiting holes ¢9a 1n one-to-one corre-
spondence, and 1s positioned centrally of the movable-range
delimiting hole ¢9q in the standard state (FI1G. 9). An axial gap
cX 1s defined between an axially outer side of the rolling-
clement guide ¢9 and a raceway surface of the outer race c5,
such that the rolling-element guide ¢9 and the outer race ¢5 do
not come into contact with each other or are not slid on each
other even when the bearing assembly ¢l 1s subjected to the
relative movement.

The bearing assembly constitutes a double-row thrust bear-
ing assembly wherein both of the axially opposite sides of the
inner race ¢7 define raceway surfaces, whereas a plurality of
balls ¢8 as the rolling elements are clamped between each of
the opposite sides of the inner race and each of the outer races
¢S, ¢35 1n opposing relation therewith. Fach of the rows
includes 32 balls ¢8 so that 64 balls ¢8 1n total are used 1n the
bearing assembly. In each row, these balls ¢8 are circumier-
entially arranged with substantially equal spacing. In this
manner, the plural balls ¢8 serving as the support points of the
bearing assembly c1 are circumierentially arranged with sub-
stantially equal spacing, whereby the bearing assembly 1s




US 7,575,378 B2

25

able to bear the axial loads and the moment load 1n a stable
manner while the loads on the individual balls ¢8 may be
equalized.

The bearing assembly c¢1 1s provided with shields c13, c13
of thin annular plates on the axially outermost sides thereof.
As shown in FIG. 9, these shields ¢13, ¢13 are fixed to axially
outside ends of the axially inside case ¢6 and are extended
radially outwardly therefrom along axially outer sides of the
axially outside cases cd4. The shields ¢13, ¢13 are each dis-
posed 1n a manner to overlap the axially outer side of each of
the axially outside cases c4 via a minor gap therebetween.
Hence, the shields have a sealing function to prevent the
invasion ol foreign substances into the bearing assembly c1
and the leakage of the lubricant such as a lubricating o1l or
grease from the bearing assembly c1. A seal for sealing the
interior of the bearing assembly ¢1 may also be added for
turther enhancing the sealing effect.

The all of the members of the bearing assembly ¢l except
for the balls ¢8 as the rolling elements are shaped like rings
having constant radial widths with respect to the overall cir-
cumierence, and are coaxially arranged in the standard state.
In the standard state, therefore, a gap of a radial distance cM
1s defined between an outer periphery c¢15 of the rolling-
clement guide, or the radially outermost end of the axially
inside member ¢3, and the axially outside member c2, ¢2, and
1s extended along the overall circumierential length. Like-
wise, 1n the standard state, a gap of a radial distance cL 1s
defined between the radially innermost end ¢17 of the axially
outside member ¢2, ¢2 and the axially mnside member ¢3 (an
opposing surface c¢l16 of the shield ¢13 fixed to the axially
inside case ¢6, the surface opposing the radially innermost
end c¢17 of the axially outside member ¢2, ¢2 according to the
embodiment), and 1s extended along the overall circumieren-
tial length. Thus, the bearing assembly ¢1 1ncludes the con-
stant gaps extended along the overall circumierential length
and hence, permits arelattve movement of a constant distance
with respect to every circumierential direction. A relatively
movable range between the axially outside members ¢2 and
the axially iside member ¢3 1s decided by the radial gaps
therebetween.

On the other hand, the outer races ¢5, ¢5 are annular plate
members having a predetermined radial width which 1s con-
stant with respect to the overall circumierence. Thus, the
outer races c5, c5 have the radial width, whereas the inner race
c7, having a greater radial width than that of the outer races,
opposes the outer races ¢5, ¢5. Each of the movable-range
delimiting holes ¢9a of the rolling-element guide ¢9 has a
greater diameter than the diameter of the ball ¢8 accommo-
dated 1n each of the movable-range delimiting holes ¢9a and
hence, a gap allowing for the movement of the ball ¢8 1s
defined around the ball ¢8. On the other hand, the outer and
iner races ¢3, ¢7 oppose each other via the respective overall
areas of the movable-range delimiting holes ¢9a such that the
balls ¢8 moved across the whole areas of the movable-range
delimiting holes ¢9a may not be disengaged from the outer
and 1nner races c¢5, ¢7. Thus, each of the balls ¢8 1s allowed to
move radially and circumterentially within the range limited
by the movable-range delimiting hole ¢9a. That 1s, this bear-
ing assembly ¢l permits the ball ¢8 to be rolled so far at to abut
against an iner periphery of the movable-range delimiting
hole ¢9a. Since the ball ¢8 1s positioned centrally of the
movable-range delimiting hole ¢9q 1n the standard state, a gap
of a width cR 1s defined between the ball ¢8 and the 1nner
periphery ol the movable-range delimiting hole ¢9a as
extended along the overall circumierence about the ball ¢8
(F1G. 9). Hence, the ball ¢8 1s allowed to move for the distance
cR 1n any direction of a working plane.
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In this bearing assembly c1, the aforesaid distance cL 1s
defined to be twice the aloresaid distance cR. That 1s, the

following equation holds:
cL.=2(cR).

The equation corresponds to that the moving distance of
the ball ¢8 as the rolling element 1s a half (12) of the distance
of the relative movement between the outer and 1nner races
c5, ¢7. On the other hand, the atoresaid distance cM 1s sub-
stantially equal to the distance cL. It 1s more preferred to
define the distance cM to be equal to the distance cL.. Further-
more, the above distance may have a relation cL=2(cR).

In the bearing assembly ¢l as described above, the rela-
tively movable range provided by the radial gap between the
axially outside members ¢2 and the axially inside member ¢3
corresponds to the movable range of the ball ¢8 that 1s limited
by the diameter of the movable-range delimiting hole c9a.
That 1s, when the axially outside members ¢2 and the axially
inside member ¢3 are relatively moved so far as to reduce the
aforesaid distance cL. (between the radially mnnermost ends
c17 of the axially outside members ¢2, ¢2 and the axially
inside member ¢3) to zero, the balls ¢8 are moved 1n the
movement direction so far as to reduce the space distance cR
thereabout to zero. In other words, when the axially outside
members ¢2 and the axially inside member ¢3 are relatively
moved to each other across the whole relatively movable
range therebetween, the balls ¢8 are moved across the whole
movable ranges thereol. Therefore, no excessive space exists
between the radially innermost ends ¢17 of the axially outside
members ¢2 and the axially inside member ¢3. Hence, the
bearing assembly ¢l may be downsized while the decenter-
able range thereol may be increased. It 1s also possible to
reduce the weight and cost of the bearing assembly c1.

According to the bearing assembly cl of the first embodi-
ment, the aforesaid distance cL 1s substantially equal to the
distance cM (the radial space distance between the outer
periphery c15 of the rolling-element guide and the axially
outside member ¢2, ¢2). That 1s, the distance cM 1s substan-
tially twice the distance cR. According to such a design, the
space distance M 1s minimized, so that the outside diameter of
the axially outside member ¢2 may be decreased, permitting
the downsizing of the bearing assembly c1. In a case where
there 1s a great difference between the distance cL. and the
distance cM, the smaller one of these space distances limits
the decenterable range of the bearing assembly c1. However,
the embodiment substantially equalizes these space dis-
tances, thereby accomplishing the size reduction of the bear-
ing assembly c1 and also maximizing the decenterable range
of the bearing assembly cl1.

Further according to the bearing assembly c1, the radially
moving distance of the ball ¢8 as the rolling element confined
by the rolling-element guide ¢9 substantially corresponds to
the radial width of the outer race ¢5. As shown 1n FIG. 9, the
radial width of the outer race c¢5 1s substantially equal to the
diameter of the movable-range delimiting hole ¢9a (or more
precisely, slightly smaller than the diameter of the movable-
range delimiting hole ¢9a). This prevents the ball ¢8 from
disengaging from the outer race ¢35 when the ball 1s radially
moved so far as to contact the inner periphery of the movable-
range delimiting hole ¢9a. On the other hand, the radial width
of the outer race ¢5 1s not increased more than necessary.

Furthermore, the radial widths of the inner race ¢7 1s
greater than the diameter of the movable-range delimiting
hole ¢9a 1n order to provide a clamping allowance for fixing
the 1nner race ¢7. The radial width of the inner race 1s not
increased more than necessary. The iner race ¢7 1s clamped
between the two axially 1inside cases ¢6, ¢6 so as to be fixed to
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place. Theretore, the radial width of the inner race 1s greater
than the diameter of the movable-range delimiting hole ¢9a in
order to provide the clamping allowance. However, the radial
position of an outer periphery of the inner race ¢7 1s aligned
with that of an outer periphery of the outer race c¢5.

Thus, the radial width of the outer race ¢5 substantially
corresponds to the radially moving distance of the ball ¢8 as
the rolling element, whereas the radial width (minus the
above clamping allowance) of the inner race ¢7 also substan-
tially corresponds to the radially moving distance of the ball
c8. Hence, the radial widths of the outer and inner races c5, c7
are minimized. The outer and inner races c5, ¢7 are formed
from the 1ron-base metal such as a bearing steel, whereas the
axially outside case ¢4 and the axially inside case ¢6 may be
formed from the light metal such as an aluminum alloy.
Therefore, the bearing assembly ¢1 may be reduced in the
weight and cost thereof by reducing the size of the outer and
inner races ¢S, c7.

When the bearing assembly ¢l 1s moved 1n the circular
range limited by the movable-range delimiting hole ¢9a of the
rolling-element guide ¢9, the outer and inner races ¢5, ¢7 do
not slide on the rolling-element guides ¢9. This 1s because the
rolling-element guide ¢9 1s fixed to the axially inside member
c3 so as to be unified with the inner race c7, and because the
aforesaid gap c¢X (FIG. 2) keeps the rolling-element guide c9
and the outer race ¢5 out of contact. Accordingly, the bearing
assembly 1 1s notably reduced in resistance during the relative
movement.

The rolling-element guide ¢9 has an annular shape and 1s
formed with the 32 movable-range delimiting holes c¢9a
arranged on the same circle with equal circumierential spac-
ing. Since each of the balls ¢8 as the rolling elements 1s
disposed 1n each of the movable-range delimiting holes ¢9a,
the bearing assembly c1 has the support points umformly
distributed 1n the radial and circumierential directions
thereot, so as to be able to bear the axial loads and the moment
load 1n a more stable manner. Since each of the rolling ele-
ments 1s disposed 1n each of the movable-range delimiting,
holes ¢9a, the individual balls ¢8 are assuredly kept out of
sliding contact with one another so that the bearing assembly
1s Turther reduced 1n resistance during the relative movement.
The movable-range delimiting holes ¢9a may be increased 1n
number unless adjoining movable-range delimiting holes c9a
are 1 contact with each other. Thus, the bearing assembly c1
may be increased 1n load capacity by increasing the balls ¢8.

According to the embodiment as shown 1n FIG. 9, the two
axially mside cases ¢6, ¢6 on the opposite sides of the mner
race ¢7 have the same phase with respect to either side of the
inner race ¢7. In the standard state, therefore, the positions of
the movable-range delimiting holes ¢9a and the balls ¢8 also
have the same phase with respect to either side of the inner
race ¢7. However, the third aspect of the invention 1s not
limited to such a constitution. The movable-range delimiting
holes ¢9a and the balls ¢8 on one side of the inner race may
have a different phase from that of the movable-range delim-
iting holes and balls on the other side thereof.

The shields ¢13, ¢13 are so designed as not to limit the
decenterable range of the bearing assembly c1. As shown 1n
FIG. 9, aradial distance ¢S 1s slightly greater than the distance
cL 1n the standard state, the distance ¢S defined between the
radial outermost end of the shield ¢13, ¢c13 and a shield-
dedicated step cl14 formed on an outer side of the axially
outside case ¢4 and having a depth substantially equal to a
plate thickness of the shield ¢13, ¢c13. A radial length ¢'T of an
overlap portion of the shield c13, ¢13 on the outer side of the
axially outside case c4, as determined in the standard state, 1s
slightly greater than the distance cL. such that the shield may
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cover the iterior of the bearing assembly c1 1n the relative
movement across the whole decenterable range of the bearing

assembly.

The following method may be taken to position the 1ndi-
vidual balls ¢8 at the positions shown in FIG. 9, or to position
the individual balls centrally of the respective movable-range
delimiting holes c9a. That 1s, 1n a state where a small pre-load
1s applied between the imnside and outside members by means
of the pre-load applying screws or the like, the bearing assem-
bly ¢l may be subjected to the maximum relative movement
with respect to every radial direction (along the overall cir-
cumierence). By doing so, any ball ¢8 displaced from the
center of the movable-range delimiting hole ¢9a 1n the stan-
dard state may be slidably moved on the outer and inner races
¢S, ¢7 as pushed by the 1nner periphery of the movable-range
delimiting hole ¢9a, so as to be adjusted 1nto position. When
the bearing assembly c¢1 1s used subsequently, the pre-load
applying screws may be fastened with a predetermined
torque. It 1s preferred that the inner periphery of the movable-
range delimiting hole ¢9a of the rolling-clement guide ¢9 has
a height (axial thickness) of not less than a radius (ball size/2)
of the ball ¢8, because the apex of the ball ¢8 abuts against the
inner periphery of the movable-range delimiting hole ¢9qa
when pushed by the iner periphery, so that the positional
adjustment of the ball ¢8 may be carried out in a stable
manner.

As described above, the rolling-element guide ¢9 does not
merely limit the movable range of the ball ¢8 but also plays
the roles of permitting the ball ¢8 to be assuredly and easily
positioned at the center of the movable-range delimiting hole
c9a (the standard state) and of providing the constant distance
cR about the center position thereby allowing the ball ¢8 to
move within this range. The bearing assembly ¢1 according to
the first embodiment may encounter a problem that some of
the balls ¢8 are lifted up from the outer or inner race ¢S, ¢7 due
to the unbalanced load applied to the balls and the lifted balls
¢8 are displaced from the center of the movable-range delim-
iting holes ¢9q 1n the standard state. In this case, as well, the
bearing assembly c1 1n the assembled state may be subjected
to the maximum relative movement under the small pre-load,
thereby accomplishing the positional adjustment of the balls
c8 quite easily. In order to prevent the displacement of the
balls ¢8 for maintaining the PCD (Pitch Circle Diameter) of
the individual balls ¢8, the pre-load may preferably be applied
between the nside and outside members by means of the
pre-load applying screws or the like, thereby suppressing the
sliding movement between the individual balls ¢8 and the
outer and 1nner races ¢S, c7.

A material for the bearing assembly c1 is not particularly
limited. From the standpoint of reducing the weight of the
bearing assembly cl, however, the axially outside cases c4
and the axially inside cases ¢6 may preferably be formed from
the light metal such as an aluminum alloy or from a resin,
whereas the mner races ¢7 and the outer races ¢35 may prei-
erably be formed from the 1ron-base metal such as bearing
steel. In such a constitution, only the outer and inner races ¢35,
c7 of the axially outside member ¢2 and the axially inside
member ¢3 are formed from a bearing steel or the like having
high hardness, the outer and 1nner races contacting the balls
¢8. On the other hand, the axially outside case ¢4 and the
axially inside case ¢6 are formed from the light metal such as
an aluminum alloy so as to reduce the weight of the bearing
assembly c1. In common practice, the ring-like cage ¢9 1s
formed from a resin or the like, whereas the balls c8 are
formed from a bearing steel or the like. The shield c13 may be
formed from a stainless steel or a resin.
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FIG. 101s a sectional view showing a bearing assembly c20
(the lower half from 1ts axis 1s omitted) according to a second
embodiment of the third aspect of the invention. Unlike the
bearing assembly ¢l of the first embodiment, the axially
outside member c2 of the bearing assembly ¢20 includes:
outside integral members ¢21, ¢21 each unifying the outer
race ¢S with a part of the axially outside case c4; and a
ring-like outside case ¢22 constituted by the remaining parts
of the mdividual axially outside cases c4. The two outside
integral members ¢21, ¢21 formed of substantially annular
plates are integrally interconnected at places adjacent the
radially outside circumierences thereof by means of outside
screws c11. The outside integral members are interconnected
via the ring-like outside case ¢22 interposed therebetween.
Such a design 1s preferred 1n that the number of components
1s decreased and that 1t 1s easy to decrease the axial thickness
of the bearing assembly ¢20. However, 1n a case where the
outer race 1s formed from a bearing steel, the whole body of
the outside integral member unitying the outer race with a
part of the axially outside case 1s formed from the bearing
steel. This 1s disadvantageous from the viewpoint of the
weilght reduction. From the standpoint of weight reduction, it
1s more preferable to employ the separate axially outside case
c4 and outer race c5 as 1llustrated by the bearing assembly c1
of the first embodiment.

In this bearing assembly c20, arolling-element guide c23 1s
not unified with the axially mside case but 1s formed as an
independent member, unlike the rolling-element guide of the
bearing assembly ¢l of the first embodiment. The rolling-
clement guide ¢23 1s formed from a resin. The two rolling-
clement guides ¢23, ¢23 are disposed on the opposite sides of
the mner race ¢7. Likewise to the rolling-element guide ¢9 of
the first embodiment, the rolling-element guide ¢23 has an
annular shape and 1s formed with a plurality of movable-
range delimiting holes c23a arranged on the same circle with
equal circumierential spacing. All these movable-range
delimiting holes ¢23a have the same diameter. The rolling-
clement guides ¢23, ¢23 are fixed to the axially inside mem-
ber ¢3, such as the inner race ¢7 or the axially inside cases ¢6,
by way of fixing means such as screws. Hence, the separate
rolling-element guide ¢23 limits the movable range of the ball
c8 to a circular area of a predetermined radius, similarly to the
rolling-element guide ¢9 of the first embodiment. In such a
case where the rolling-element guide ¢23 1s formed as the
separate member, the rolling-element guide may be formed
from a different material such as a resin. This 1s advantageous
in terms of cost reduction and weight reduction.

FI1G. 11 1s a sectional view showing a bearing assembly ¢30
(the lower half from 1ts axis 1s omitted) according to a third
embodiment of the third aspect of the invention. The bearing
assembly c30 1s resemblant to the bearing assembly ¢20 of the
second embodiment 1n that the outer race ¢5 and the axially
outside case c4 of the axially outside member ¢2 are unified.
However, the bearing assembly ¢30 differs from the bearing
assembly ¢20 in that the bearing assembly ¢30 includes out-
side integral members ¢31, ¢31 wherein a portion equivalent
to the ring-like outside case ¢22 of the second embodiment 1s
also unified. Furthermore, this bearing assembly ¢30 employs
an inside mtegral member ¢32 unitying the inner race ¢7 with
the axially 1nside cases ¢6, ¢6. Theretfore, this bearing assem-
bly 1s turther reduced in the number of components as com-
pared with the bearing assembly ¢20 of the second embodi-
ment. Thus, this bearing assembly 1s more preferred 1n that
the axial thickness of the bearing assembly can be reduced.
However, this bearing assembly has the atorementioned dis-
advantage 1n terms of the weight reduction. From the stand-
point of weight reduction, 1t may be more preferable to
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employ the separate 1inner race ¢7 and axially inside cases c6
and the separate axially outside cases ¢4 and outer races ¢5 as
illustrated by the bearing assembly ¢l of the first embodi-
ment.

In this bearing assembly ¢30, a resin-formed rolling-ele-
ment guide ¢33 1s designed to exhibit a shielding effect as
well. Specifically, an axially outer side of the rolling-element
guide ¢33 extends 1n close proximity to a raceway surface of
the outside integral member ¢31 so as to define a minor axial
gap cY (FI1G. 11) therebetween. The outside integral member
c31 has a structure including: a step ¢34 formed at place
radially inwardly relative to the raceway surface on which the
balls ¢8 are rolled; and an annular thin portion ¢33 extended
radially mmwardly from the step c¢34. The shielding etifect
results from the minor axial gap cY defined between the
annular thin portion ¢33 and the rolling-element guide c¢33.
Such a constitution negates the need for providing the sepa-
rate shield ¢13 such as employed by the bearing assembly ¢l
of the first embodiment and hence, the number of components
1s further reduced. Furthermore, the bearing assembly c30
may be further reduced 1n weight by forming the annular thin
portion ¢35 1 a smaller thickness, the annular thin portion
constituting a portion of the outside integral member c¢31 that
functions as the shield.

Likewise to the bearing assembly ¢20, this bearing assem-
bly ¢30 1s also provided with two rolling-element guides ¢33,
¢33, which are resin-formed members separate from the
inside integral member ¢32 and such. The rolling-element
guides ¢33, ¢33 are fixed to the inside integral member c32 by
way of suitable means such as screws. Similarly to the rolling-
clement guides ¢9 of the first embodiment, the rolling-ele-
ment guide ¢33, ¢33 have an annular shape and are each
formed with a plurality of movable-range delimiting holes
c33q arranged on the same circle with equal circumierential
spacing. All these movable-range delimiting holes ¢33a have
the same diameter. The separate rolling-element guides C33,
¢33 cach serve to limit the movable range of the ball ¢8 to a
circular area of a predetermined radius, similarly to the roll-
ing-clement guide ¢9 of the first embodiment. The bearing
assembly ¢30 may also be provided with an additional pre-
load applying screw or the like, for example, 1n order to
prevent the two outside integral members ¢31, c31 from sepa-
rating from each other.

In a case where the bearing assembly according to the third
aspect of the mvention 1s used as an assemble member
mounted to an external member other than the bearing assem-
bly, which 1s provided with means using, for example, a
reaction force of rubber, spring or the like for restricting the
movement range, 11 a range restricted by the above means 1s
smaller than the decenterable range of the bearing assembly,
the bearing assembly does not encounter interference with the
components of the external member.

The above embodiments 1llustrate the examples where the
axially outside member ¢2 1s disposed on the radially outer
side, whereas the axially inside member ¢3 1s disposed on the
radially inner side of the axially outside member c2. Con-
versely, the axially outside member ¢2 may be disposed on the
radially inner side, whereas the axially inside member ¢3 may
be disposed on the radially outer side of the axially outside
member c2. In this case, the annular inner race c¢7 of the
axially inside member ¢3 1s projected radially inwardly from
the axially inside case ¢6. While the foregoing embodiments
illustrate the examples where the rolling-element guide ¢9 1s
fixed to the axially inside member ¢3, the rolling-clement
guide may be fixed to the axially outside member c2.

As described above, the third aspect of the mnvention may
provide the double-row eccentric thrust bearing assembly
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which allows for the relative movement of a constant distance
and which 1s extremely decreased in energy loss during the
relative movement.

A fourth aspect of the invention will hereinbelow be
described with reference to the drawings.

FI1G. 12 1s an exploded perspective view showing an eccen-
tric thrust bearing assembly according to a first embodiment
of the fourth aspect of the invention. FIG. 13 1s a sectional
view of the bearing assembly (the lower half from 1ts axis 1s
omitted). As shown in FIG. 12 and FIG. 13, this bearing
assembly 1 includes: two annular axially outside members 2,
2 opposing each other and integrally interconnected; and an
annular axially immside member 3 interposed between these
two axially outside members. FIG. 13 shows a neutral state
(hereinafter, also referred to as “standard state”) wherein
balls 8 as the rolling elements are not moved 1n any of the
radial directions.

The two axially outside members 2, 2 each include: an
annular axially outside case 4; and an annular outer race 3
formed of an annular plate mounted to an opposing side of the
axially outside case 4. The axially outside case 4 and the outer
race 5 are separate members. The outer race 1s mounted 1n a
recess 4a formed 1n the opposing side of the axially outside
case 4 (FIG. 13). The two axially outside cases 4, 4 are
integrally interconnected at places adjacent the radially out-
side circumierences thereof by means of outside screws 11
(shown 1n FIG. 13 but omitted 1n FIG. 12). The axially iside
member 3 includes: two annular axially inside cases 6, 6; and
an 1mner race 7 formed of an annular plate extended 1n a
flange-like fashion as projected radially outwardly relative to
the two axially inside cases 6, 6. The axially inside cases 6, 6
and the mnner race 7 are separate members. In a state where the
iner race 7 1s clamped between the two axially mside cases
6, 6, these three members are integrally interconnected by
means of inside screws 12 (shown 1n FIG. 13 but omitted in
FIG. 12). As shown 1n FIG. 13, an axial center of the inner
race 7 1s aligned with an axial center of the bearing assembly
1, so that the bearing assembly 1 has a symmetric structure
with respect to a plane perpendicular to the axis and passing,
through the center thereof.

Both of the opposite sides of the mner race 7 constitute
raceway surfaces. The plural balls 8 as the rolling elements
are clamped between each of the opposite sides of the inner
race 7 and each of the two outer races 5, 5 1n opposing relation
with the inner race. Thus, the bearing assembly 1 has a
double-row structure. Each of the rows 1includes 24 balls 8 so
that 48 balls 8 1n total are used 1n the bearing assembly. In
cach row, these balls 8 are circumierentially arranged with
substantially equal spacing. Each of the ball rows 1s provided
with a ring-like cage so that a total number of two cages 9, 9
are used in the bearing assembly. The ring-like cage 9 1is
tormed with pocket holes 9a substantially at regular space
intervals, while each of the balls 8 1s rollably accommodated
in each of the pocket holes. The ring-like cage 9 maintains the
individual balls 8 1n mutually substantially equally spaced
relation with respect to the circumiferential direction. In this
manner, the plural balls 8 serving as the support points of the
bearing assembly 1 are circumierentially arranged substan-
tially with equal spacing, so that the bearing assembly 1s able
to bear the axial loads and the moment load 1n a stable manner.
While at least three balls 8 are necessary for each row, the
number of balls 8 may be properly decided based on the load
capacity and the size of the bearing assembly.

Both of the outer and 1nner races 5, 7 are annular members,
thus defining circumferentially continuous raceway surfaces.
Accordingly, the balls 8 are able to orbit. That is, this bearing,
assembly 1 permits the axially outside member 2 and the
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axially inside member 3 to freely rotate relative to each other.
Incidentally, the ring-like cage 9 1s moved in conjunction with

the balls 8.

The bearing assembly 1 1s provided with shields 13, 13 on
axially outermost sides thereof, the shield formed of an annu-
lar thin plate. As shown 1n FI1G. 13, the shields 13, 13 are each
fixed to an axially outside end of the axially inside case 6 and
extended therefrom along an axially outer side of the axially
outside case 4 toward a radially outer side. Each of the shuelds
13, 13 1s so disposed as to overlap the axially outer side of the
axially outside case 4 via a minor gap therebetween, thus
exhibiting a sealing function to prevent the invasion of foreign
substances 1nto the bearing assembly 1 as well as the leakage
of the lubricant (lubricating oil, grease or the like) 1n the
bearing assembly 1. Furthermore, a seal for sealing the inte-
rior of the bearing assembly 1 may be added for further
enhancing the sealing effect, thereby preventing the invasion
of water or the like 1nto the bearing assembly 1.

The all of the members of the bearing assembly 1 except for
the balls 8 as the rolling elements are shaped like rings having
constant radial widths with respect to the overall circumfier-
ence, and are coaxially arranged 1n the standard state. In the
standard state, therefore, a gap of a radial distance M 1s
defined between the radially outermost end 15 of the axially
inside member 3 and the axially outside members 2, 2 and
extended along the overall circumierential length. Likewise,
in the standard state, a gap of a radial distance L 1s defined
between each of the radially innermost ends 16 of the axially
outside members 2, 2 and the axially inside member 3 and
extended along the overall circumierential length. Thus, the
bearing assembly 1 includes the constant gaps extended along
the overall circumierential length and hence, 1s adapted to be
decentered by a constant distance with respect to every cir-
cumierential direction. A relatively movable range between
the axially outside members 2 and the axially inside member
3 1s decided by the radial gaps therebetween.

On the other hand, the outer races 5, 5 are annular plate
members having a predetermined radial width which 1s con-
stant with respect to the overall circumierence. Thus, the
outer races 3, S have the radial width, whereas the axially
inside case 7, having a greater radial width than that of the
outer races 5, 5, opposes the respective outer races 3, 5.
Theretfore, the balls 8 have space to move radially. In this
bearing assembly 1, the balls 8 are accommodated 1n the
ring-like cage 9. Hence, the balls 8 are allowed to move
radially until an inner periphery or an outer periphery of the
ring-like cage 9 abuts against the axially inside member 3 or
the axially outside member 2. In the bearing assembly 1 1n the
standard state, a gap of a radial distance R 1s defined between
the outer periphery of the ring-like cage 9 and the axially
outside member 2 and extended along the overall circumfier-
ential length, whereas a gap of the same radial distance R 1s
defined between the 1ner periphery of the ring-like cage 9
and the axially inside member 3 and extended along the
overall circumierential length (FIG. 13). The radial space R
permits the balls 8 and the ring-like cage 9 to move for the
distance R 1n every radial direction.

In this bearing assembly 1, the aforesaid distance L 1s
defined to be twice the aforesaid distance R. That 1s, the
following equation holds:

L=2R.

The equation corresponds to that the moving distance of the
ball ¢8 as the rolling element 1s a half (12) of the distance of
the relative movement between the outer and inner races 5, 7.
It 1s preferred that the aforesaid distance M 1s substantially
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equal to the distance L. It 1s more preferred that the distance
M 1s equal to the distance L. Furthermore, the above distance
may have a relation L=2R.

In the bearing assembly 1 as described above, the relatively
movable range provided by the radial gap between the axially
outside members 2 and the axially inside member 3 substan-
tially corresponds to the radially movable distance of the balls
8 as the rolling elements. Accordingly, when the axially out-
side members ¢2 and the axially inside member ¢3 are decen-
tered so far as to reduce the aforesaid radial distance L (the
radial space distance between the radially innermost ends 16
of the axially outside members 2, 2 and the axially inside
member 3) to zero, the balls 8 as the rolling elements are
moved to reduce the space distance R to zero with respect to
the decentered direction. Therefore, there 1s no excessive
space between the radially innermost ends 16 of the axially
outside members 2, 2 and the axially mside member 3,
whereas the outer and inner races 5, 7 for the radial movement
of the balls 8 define no excessive space therebetween. As a
result, the bearing assembly 1 may be downsized while the
decenterable range thereof may be increased.

That the outer and 1nner races 5, 7 for the radial movement
of the balls 8 define no excessive space therebetween also
means that the radial widths of the outer race 5 and the inner
race 7 as the determinant factors of the space distance R are
minimized. Thus, the outer and inner races 5, 7 are down-
s1zed, resulting 1n the reduction of the si1ze and weight of the
bearing assembly 1 and the cost reduction. It 1s noted that the
inner race 7 has a greater radial width than that of the outer
race 5. This 1s because the inner race has a clamping allow-
ance on which the mner race 1s clamped between the axially
inside cases 6, 6 when the 1inner race 7 1s connected with the
axially iside cases 6, 6. The radial width of the inner race 7
1s not unduly increased.

According to the bearing assembly 1 of the first embodi-
ment, the distance L 1s defined to be substantially equal to the
distance M (the radial space distance between the radially
outermost end 15 of the axially inside member 3 and the
axially outside members 2, 2). In short, the distance M 1s
substantially twice the distance R (the movable distance of
the ball 8 as the rolling element). Therefore, the radial space
between the radially outermost end 15 of the axially inside
member 3 and the axially outside members 2, 2 15 also mini-
mized. Thus, the outside diameter of the axially outside mem-
ber 2 may be reduced so that the bearing assembly 1 may be
downsized.

The distance L 1s substantially equal to the distance M.
Theretfore, when the axially inside member 3 and the axially
outside members 2 are relatively moved or decentered so far
as to reduce the distance L to zero with respect to a radial
direction, the distance M with respect to the radial direction 1s
also reduced to zero. In a case where there 1s a great difference
between the space distance L and the space distance M, the
smaller one of these space distances limits the decenterable
range of the bearing assembly 1. However, the embodiment
substantially equalizes these distances, thereby accomplish-
ing the size reduction of the bearing assembly 1 and also
maximizing the decenterable range of the bearing assembly 1.

The shields 13, 13 are so designed as not to limit the
decenterable range of the bearing assembly 1. As shown 1n
FIG. 13, aradial distance S 1s slightly greater than the distance
L. 1n the standard state, the distance S defined between the
radial outermost end of the shield 13, 13 and a shield-dedi-
cated step 14 formed on the outer side of the axially outside
case 4 and having a depth substantially equal to a plate thick-
ness of the shield 13, 13. A radial length T of an overlap
portion of the shueld 13, 13 on the outer side of the axially
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outside case 4, as determined 1n the standard state, 1s defined
to be slightly greater than the distance L such that the shield
may cover the interior of the bearing assembly 1 in the relative
movement across the whole decenterable range of the bearing
assembly.

The following method may be taken to position the 1ndi-
vidual balls 8 and the ring-like cage 9 at the positions shown
in FIG. 13, or to position the individual balls and the rnng-like
cage radially centrally of the outer race 3 in the standard state.
That 1s, 1n a state where a small pre-load 1s applied between
the mside and outside members by means of the pre-load
applying screws or the like, the bearing assembly 1 may be
moved across the whole relatively movable range or moved to
the limit of the decenterable range along the overall circum-
terence thereol. By doing so, the outer periphery or inner
periphery of the ring-like cage 9 may be properly abutted
against the axially outside member 2 or the axially inside
member 3 so as to cause the balls 8 and the ring-like cage 9 to
properly slide on the outer and inner races 5, 7, whereby the
balls and the ring-like cage are adjusted into position. Subse-
quently, the pre-load applying screws may be fastened with a
predetermined torque. Thus, the ring-like cage 9 makes 1t
quite easy to position the balls 8 radially centrally of the outer
race J.

In a case where the balls 8 as the rolling elements are
subjected to the unbalanced load, a fear exists that some of the
balls 8 may be displaced as lifted up. However, the provision
of the nng-like cage 9 obviates the problem that some of the
balls 8 are moved to disturb the relative positional relation
among them. On the other hand, there may be a case where the
ring-like cage 9 per se 1s displaced. Specifically, the ring-like
cage 9 1s not guided with respect to the radial position and
hence, there may occur misalignment between the axis of the
ring-like cage 9 and the axis of the bearing assembly 1 1n the
standard state. In order to prevent such a displacement of the
ring-like cage and to maintain the PCD of the individual balls
8, the pre-load may be applied between the outside and 1nside
members by means of the pre-load applying screws or the
like, thereby preventing the individual balls 8 as the rolling
clements from sliding on the outer and inner races 3, 7. In the
case of the displacement of the ring-like cage 9, the position
ol the ning-like cage may be quite easily corrected for position
while the bearing assembly 1 remains 1n the assembled state,
as described above.

A matenal for the bearing assembly 1 1s not particularly
limited. From the standpoint of reducng the weight of the
bearing assembly 1, however, the axially outside case 4 and
the axially inside case 6 may preferably be formed from the
light metal such as an aluminum alloy or a resin, while the
inner race 7 and the outer race 5 may preferably be formed
from a bearing steel, a stainless steel alloy, a ceramic material
or the like. In such a constitution, only the outer and 1nner
races 5, 7 of the axially outside member 2 and the axially
inside member 3 may be formed from a material, such as a
bearing steel, which has high hardness and fatigue resistance,
the outer and 1nner races contacting the balls 8 as the rolling
clements. On the other hand, the axially outside case 4 and the
axially mmside case 6 may be formed from a light maternial such
as an aluminum alloy so as to reduce the weight of the bearing
assembly 1. In common practice, the ring-like cage 9 1is
formed from a resin or the like, whereas the balls 8 are formed
from a bearing steel or the like. The shueld ¢13 may be formed
from a stainless steel or a resin.

FIG. 14 1s a sectional view showing a bearing assembly 20
(the lower half from 1ts axis 1s omitted) according to a second
embodiment of the fourth aspect of the invention. Unlike the
bearing assembly 1 of the first embodiment, this bearing
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assembly 20 includes an axially inside member 3 formed 1n
one piece. That 1s, the mnner race 7 1s unified with the axially
inside case 6. Such a constitution 1s preferred 1n that the
number of components 1s decreased and that the bearing
assembly 20 1s decreased 1n the axial thickness. However, this
constitution 1s disadvantageous from the viewpoint of the
welght reduction because the whole body of the axially inside
member 3 1s formed from a bearing steel or the like 1n order to
form the mner race 7 from the bearing steel or the like. It 1s
preferred from the viewpoint of the weight reduction that the
inner race 7 and the axially inside case 6 are the separate
members, as 1llustrated by the bearing assembly 1 according,
to the first embodiment.

FIG. 15 1s a sectional view showing a bearing assembly 30
(the lower half from 1ts axis 1s omitted) according to a third
embodiment of the fourth aspect of the invention. Likewise to
the bearing assembly 20 of the second embodiment, this
bearing assembly 30 includes an axially inside member 3
formed 1n one piece. In addition, an axially outside member 2
of this bearing assembly 1s also formed 1n one piece. That 1s,
the axially outside case 4 1s unmified with the outerrace 5. Such
a constitution 1s preferred 1n that the number of components 1s
turther decreased and that the bearing assembly 1s decreased
in the axial thickness. However, this constitution 1s disadvan-
tageous from the viewpoint of the weight reduction, as
described above. It 1s preferred from the viewpoint of the
weilght reduction that the imner race 7 and the axially inside
case 6 are the separate members, whereas the axially outside
case 4 and the outer race 5 are the separate members, as
illustrated by the bearing assembly 1 of the first embodiment.

In a case where the bearing assembly according to the
fourth aspect of the invention 1s used as an assemble member
mounted to an external device other than the bearing assem-
bly, which i1s provided with means using, for example, a
reaction force of rubber, spring or the like for restricting the
decentering range of the bearing assembly, 1 a range
restricted by the above means 1s smaller than the decenterable
range of the bearing assembly, the bearing assembly does not
encounter mterference with the components of the device.

The above embodiments 1llustrate the examples where the
axially outside member 2 1s disposed on the radially outer
side, whereas the axially inside member 3 1s disposed on the
radially 1nner side of the axially outside member 2. Con-
versely, the axially outside member 2 may be disposed on the
radially inner side, whereas the axially inside member 3 may
be disposed on the radially outer side of the axially outside
member 2. In this case, the annular inner race 7 of the axially
inside member 3 1s projected radially inwardly from the axi-
ally mside case 6.

As described above, the fourth aspect of the invention may
provide a double-row eccentric thrust bearing assembly
adapted for free relative rotation, which can be reduced 1n size
and weight by defining more suitable gaps between respective
pairs of the members thereol with respect to the decenterable
range thereof.

What 1s claimed 1s:

1. An eccentric thrust bearing assembly comprising: a first
radially outside member and a first radially inside member
positioned on a radially inner side of the first radially outside
member; and a second radially outside member and a second
radially inside member positioned on a radially inner side of
the second radially outside member, the second radially out-
side and 1nside members disposed 1n opposing relation with
the first radially outside and 1nside members,

wherein the first radially outside member opposes the sec-

ond radially inside member at three or more first posi-
tions separately located along a circumierential direc-
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tion thereby clamping rolling elements therebetween,
the rolling elements disposed at the first positions,
whereas the second radially outside member opposes the
first radially inside member at three or more second
positions separately located along the circumierential
direction and having a different phase from that of the
first positions, thereby clamping rolling elements ther-
cbetween, the rolling elements disposed at the second
positions,
wherein the first radially outside member and the first
radially mnside member define a gap therebetween so as
to be allowed to move relative to each other 1n the radial
direction and the circumferential direction, whereas the
second radially outside member and the second radially
inside member define a gap therebetween so as to be
allowed to move relative to each other in the radial
direction and the circumfterential direction,
wherein the first radially outside member and the second
radially outside member are integrally interconnected,
whereas the first radially imnside member and the second
radially inside member are integrally interconnected,
and
wherein respective certain portions of the rolling elements
are present on the same plane.
2. An eccentric thrust bearing assembly according to claim
1, wherein all the rolling elements have their centers posi-
tioned on the same plane.
3. An eccentric thrust bearing assembly according to claim
1, wherein the first radially outside member includes: outer
races separately provided at the respective first positions
separately located; and a first radially outside case to which
all these outer races are mounted,
wherein the second radially outside member includes:
outer races separately provided at the respective second
positions separately located; and a second radially out-
side case to which all these outer races are mounted,
wherein the first radially inside member includes: 1nner
races separately provided at the respective first positions
separately located; and a first radially inside case to
which all these inner races are mounted,
wherein the second radially inside member includes: inner
races separately provided at the respective second posi-
tions separately located; and a second radially inside
case to which all these 1nner races are mounted, and
wherein the rolling element 1s clamped between the outer
race and the mner race.
4. An eccentric thrust bearing assembly according to claim
1, wherein a relatively movable range between the radially
outside member and the radially inside member, which 1s
provided by the gap, substantially corresponds to a movable
range of the rolling element.
5. An eccentric thrust bearing assembly according to claim
1, wherein the respective groups of the first positions and the
second positions are disposed at N places with equal spacing,
N indicating an integer of 3 or more,
wherein the first and second radially outside cases have the
same configuration, which includes: an outside ring por-
tion defining an outer periphery of the bearing assembly;
and N inward tongues projected radially inwardly from
the outside ring portion as positioned at regular circum-
ferential space intervals,
wherein the first and second radially iside cases have the
same configuration, which includes: an 1nside ring por-
tion defining an 1mnner periphery of the bearing assembly;
and N outward tongues projected radially outwardly
from the inside ring portion as positioned at regular
circumierential space intervals,
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wherein all the outward tongues have the inner races
mounted thereto and aligned on the same circle, whereas
all the inward tongues have the outer races mounted
thereto and aligned on the same circle, all the 1nner and
outer races comprising disk-like members of the same
coniliguration, and

wherein the first positions and the second positions are
alternately located on the same circle at 360/(2N)° cir-
cumierential phase shift relative to one another.

38

6. An eccentric thrust bearing assembly according to claim
1, further comprising first cage guides surrounding the
respective races.

7. An eccentric thrust bearing assembly according to claim
1, further comprising a single second cage guide for main-
taimning a relative positional relation among the all of the
rolling elements.
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